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REPORT OP THE SECRETARY OP THE 
SMITHSONIAN INSTITUTION 

a G. ABBOT 

FOR THE YEAR ENDED JUNE 30,1942 

the Bci^rd of £h& Smiihjoman ImtUtUion. 

GEKTLEMEiT: I 1^6 houoT to Submit here with my report show¬ 
ing the activities and condition of the Smithsonijm Institution and the 
GoTernment bureaus under its administrative diarge during the fiscal 
year ended June 30, 1942. The first 23 pages contain a summary 
account of t]ie affairs of the Institution, and ap[>endixes 1 to 11 
give more detailed reports of the operations of the National Museum, 
the National Gallery of Art, the National CbUection of Fine Arts, tho 
Freer Gallery of Art, the Bureau of American Ethnology, the Inter¬ 
national Exchanges, the NotioiLal Zoological Park, the A^rophysical 
Observatory, which now inclnde-s the Division of Radiation and 
Organisms^ tho Smithsonian library^ and of the publications issued 
under tho direction of the Institution. On page 99 is the financial 
report of the executive committee of the Board of Regents. 

TEE SMITHSONIAN AND THE WAR 

In my last report ! otnted tlmt in the fiscal year 1041 the Smithson¬ 
ian had been assigned several problems connected with national 
defense and stood ready to devote all its resources to such work when 
called upon. After Pearl Harbor, calls upon the Institution for 
special in formation relating to the war inci'eased rapidly, and early in 
1942 I appointed a War Committee for the purpose of exploiting 
every fiwility of the Institution in aiding the war effort. Such a 
highly BpGcialized organisation m the Smithsonian obviously can only 
undertake those things which its staff is trained and equipped to do, 
but the exploratory investigations of liie War Committee revealed 
a surprisingly wide range of activities in which the Institution could 
engage that are directly or indlrcfctly of real service in the war effort* 

For some organizations who^ nozmat activities arc in fields directly 
applicable to war work, such for example os th05e concerned with 
strat^c materials or those with large physical laboratories, the prob¬ 
lem of going over to a war footing is solved for them^ For such 

1 




2 ANNUAL REFOBT SmiHSONIAN INSTITUTION, 1042 

cst&blisbraenta the Smithsonian, with its norn^al functions of 
resc-arch, cbiefly in the rnituial sciences, publication of results of scien¬ 
tific researches, museum and art gallery exhibition, and international 
exchange of literaturOj the problem is not so simple. Every member 
of the stolf dcfliroB eameatly to do his utmost to aid in the war effort, 
but in many instances, as the follcnving summary of Smithsonian 
war activities shows, the only possible way of putting the desire into 
effect is connected only indirecHy with war work. Nevertheless, 
work such as that which the Smithsonian is qimlided to perform will, 
I believe, be seen to fill a definite place in the Natioii^s all-out war 
effort, 

Tlie membership of the War Committee is ns follows : C- W. Mit- 
man, engineer, chairman; L. B. Aldrich, physicist; W. K, Fenton, 
ethnologist; Herbert Friedmann, biologist; and W* 1\ Tnio, chief, 
editorial division. For several weeks the committee met every day 
in the effort to speed up the diversion of as much as possible of the 
Institution's work into war channels. Several questionnaires were 
sent to the staff asking for suggestions and detailed information as 
to the qualifications, travel, and special knowledge of each member. 
With tlieE?e data before them, the coinniittee began to make recom¬ 
mendations, most of w'liich I approved and put into effect. Those 
projects which hud been initiated up to June 30, IMS, are as follows ^ 

1. The Institution has prepared a detailed roster of the scientific 
et-aff totaling nearly 100 scientists, lifting (heir geographic and special¬ 
ized knowledge. Some of this knowledge has proved to be readil 3 ^ 
availablo nowhere else, and the roster has l>cen extensively used in 
connection with inquiries from war agencies* 

2. A record of requests from war agencies for specific informa¬ 
tion from individual Rtaff niembeny shows a total of 460 srueli received 
Einco Pearl Harlior. Fifty percent came directly front the War and 
Navy Departments, the rest fix>m 25 difFcront other war agencies. 
In short, the Smithsonian is seiwing m an important source of tech¬ 
nical and geographic information. 

3* Tlie Smithsonian, together with the National Research Council, 
the American Council of Learned Societioa, and the Social Science 
Research Council, has actively participated in the setf ing up of the 
Ethnogcographic Board, Tlie Institution furnishes financial sup¬ 
port find facilities, and serves as the headquatters for the Board, 
whose purpose is to provide a central clefiringhouso for information 
to Army and Navy Intelligence and other war agencies in the fialda 
of geography, languages, and socifil sciences. Dr. William Duncan 
Strong, fonuerly of the Bureau of American Ethnology and now a 
member of the staff of Columbia University, was appointed director 
of the Board. Members of the stall of the Inslitution ore t^Hjperat- 
ing closely in the work. 
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4. The Smithsonian has thousands of published and unpublished 
photographs taken by its scientists in all parts of tho world, includ¬ 
ing tnaiiT out-of'tlie-way places not commonly photographed- An 
index la being compiled of the published material, and memi>eTs of 
the stall have put their photogmphic (Ties in shBi>e for ready con¬ 
sultation by war agencies. Many of its photographs havo already 
been so consulted. 

5. In the V'ery important field of Latin American cooperation, the 
Institution has undertaken two large-scale scientific projects. One 
is n Handbook of the Indians of South America, under the editorship 
of Dr, Julian H. Steward, of the Bureau of American Ethnology, 
The various articles will be csontributed by both Latin American and 
Korth American nntiiropologists. This will be publislied under tha 
auspices of the Institution. The other is a list of the insects of 
South and Central America, a nmch-needed tool for nil future en¬ 
tomological work in those areas. The completed list, which is esti¬ 
mated to make more than a thousand pages of print, will also appear 
as a Smithsonian publication. 

C. Approsimately 10 jMjitient of tho scientific FtulT are engaged in 
full-timo war projects assigned to them by tho Army, Navy, or 
other war agencies, 'fliis work is being done cither at the Institution 
or through transfer of personnel to the agency requesting tho work. 
All tho rest of the staff momberifi devote a portion of their time to 
work related directly or indirectly to tiie war, the actual amount of 
time depending on tlic extent to which their siiccial kimwleflgc h 
needed by war agencies. 

7, In the Hue of its normal function of diffusion of hiiuwledge, llie 
Institution has initialed several wartime projects. A new isorics of 
[lamphlets entitled “War Background Studies" and a scries of news 
releases headed *‘War Background Data” have as their purpose the 
increasing of popular understanding of the various rogtona nnil t>eo- 
ples involved in the world conflict. In the Smithson sail’s radio pro¬ 
gram, “'rhe World Is Yonrs,” four broadcasts were given on a Nation¬ 
wide network comprising a scries on tlie peoples of the United Na¬ 
tions. Several special war exhibits were shown in tiic Smithsonian 
and Museum buildings and others are definitely planned. A sertea 
of E[)ecial lectures on war topics has been arrangi‘d, and at tho close 
of the fiscal year its beginning awaited only the iTiatnlhii inn of new 
projection equipment in the Iiluseum auditorium. A set of six post¬ 
cards illustrating Museum exhibits was printed for free distribution 
to service men; in conjunction with these, writing counters and n mail 
box Were installed at the entrance to the Arts and Incliistries Build¬ 
ing where men in uniform write and mail the cards. Tliouaaiids of 
Gets had been given out at the close of ihe year, and this service 
soisoi——s 
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seems to be much upprecmte^J. All the Museum buildio^ are now 
open all day Sunday for the benefit of service tnen and war workers. 

8. The War Committee and oEcials of the Institution hUTO estab¬ 
lished definite contacts with the War and Navy Departments and 
other war agencies; through these coiLtacts continual efforts are being 
made to diannel more war-time researches and other suitable activities 
to the Institution. 

The War Committee will continue to function for (he duration. 

ENDIsrO OF WRIGHT-SMITHSOtSIAN C0^TR^>VE1SST 

By anticipation, I report with great relief and peculiar satisfaction 
the ending of the long controversy between Dr. Orville Wright and 
the Smithsonian Institution. Kcgotiations, in whieh Colonel Lind¬ 
bergh and others had taken part, had proceeded intermittently be¬ 
tween the Secretary and Dr, Wright since 1928, Since June 1942, in 
part with the mediation of Fred C. Kelly, an active interchange of 
communications hag gone on. It resulted in a statement acceptable 
to Dr. Wright which was published by the Institntion in its Mis¬ 
cellaneous <>llections, volume 103, STo. 8, October 34, 1049. This 
statement, which speaks for itself, it is intended to iC'pubiish as the 
first article of the Appendix to the Smithsonian Beport for 1942. In 
his letter of October 17, 1042, Dr. Wright says: “I hope the relations 
between the Institution and myself may again be as amicable as they 
were in Dr, Langley’s administration.** 

STnUMARY OF THE TEAR'S ACriTJTIKS OF THE BRAJfCHES OF 
THE i^’srrrDTioN' 

Ifaiwfluil HiuseUTH ,—Accessions for the year totaled 984,582 speci¬ 
mens, bringing the number of catalog entries in all departmenls to 
17^78.340. Among the outstanding accessions may be mentioned the 
following: In anthropology, 200 artifacts from the old Indian village 
site of Potawomeke, Stafford Comity, Va.; cult objects from voodoo 
shrines in Haiti, and weapons of the Moro of Mindanao, P. I.- in 
biology, 30 Antarctic seals, 54 Manchurian mammals, 1,846 birds from 
Colombia collected by Dr. Alexander Wetmoro and M. A. Garriker, 
Jr., H319 fishes from the area between Peru and Alaska received 
from the United States Fish and Wildlife .Service, a collection of 
25,000 specimens of Hemiptera received from W, L. McAtee, 7,600 
specimens, mostly termites, collected in Jamaica by Dr. Edward A. 
(^apin, and 2,169 specimena of plants of Colombia received in con¬ 
tinuation of exchanges from the Instituto de Ciencias Natumles, 
Bogotfi, Colombia; fn geology, a large aquamarine from Agua Preta, 
Minas Oeracs, Brazil, purchased from the Boebling fund, a 2,090- 
gram specimen of the Rose City, Mich., stony meteorite presented by 
Stuart H. Perry, 4 tons of iimestone blocks of beautifully pr^ 
served silicified Permian fo®ils coDected in Texas by Dr. G. A. 
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Coopor^ End 8,000 Cambrian and Devonian fo^ils collected by Dr. C, 
E. Eesser in Montana, Utah, and the Canadittii Roddfis; in engineer¬ 
ing and indu 3 trie 5 , a number of models of historic aircraftman example 
of the Allison liquid-cooled aircraft engine, type V-ITIO-C, a jeep 
lent by the TV'ar Department, the first Emerson iron lung complet^ 
in 1931, and a coUcction of 183 Currier and Ives prints given by Miss 
Adele S. Colgate. Although field expeditious were greatly curtailed 
because of T^ar conditions, those to which the l^lnscum was previously 
committed were carried through with valuable results In specimens 
and new Information. Tisitors to the Museum numbered 2j942,8lT* 
Although this was nearly half a million 1^ tiiar in the previous 
year, nevertheless the decrease was less tlian had been anticipated in 
view of re^rictions on automobile travel. The Museum issued 44 
publications and distributed 8S,M5 copies during the year* Fifteen 
special exliibita were held in the Musciun under Lbts Huspices of 
various scientific and other groups- Among numerous changes in 
tlie staff may be mentioned the retirement^ after nearly years of 
service, of Dr^ Al^ Mrdllcka aa curator of tlie division of physical 
anthropology; Dr, Dale Stewart, associate curator of tlie division, 
was promoted to the euratorship to succeed him, 

Naiiotud Gidlery of AH —The total attendance at the Gallery for 
the first full year of its operation was 2,005^28, a daily average of 
over 5,500 visitors. In June the Gallery began a series of Sunday 
evening openings for tJie benefit of service men and war workers. 
Concerts and special lectures featured these Sunday openings, which 
proved so successful that it was decided to continue them indefinite¬ 
ly. PubHcatiom available to tlie public are a general information 
bwklet, a catalog of the paintings and sculpture, a book of dlustra- 
tions of aU the works of art in Die Gallery^ color reprcwliictions, and 
postcards. Since Pearl Harbor Uie Gallery has been blacked out 
nightly, and frequent air-raid drills have been held. A limited 
number of the most fragile and irreplaceable works of art have been 
removed to a place of greater safety, but it is the expressed belief 
of the Board of Trustees that the Gallery has a duty to ilie public 
and an obligation as a source of recreation and education to con¬ 
tinue its activities and even iuoreaa them in war time. Gifts of 
prints, paintings, and sculpture were accepted from eight different 
donors, and a number of important loans were received. Seven 
special exhibitions were held at the Gallery, including one of draw¬ 
ings of war-time London, another of the art of Australia, and one 
of 11 portrait busts of the Presidents of the Bepublics of South 
America, by Jo Davidson. The Galleryeducational program in¬ 
cluded Gallery tours of the collection conducted twice daily; a series 
of 34 special lectures, one given each Saturday afterntwn from Octo¬ 
ber to April, and Gallery talks and otJier lectures dealing with a 
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sp<H;iSc school or specific works of art. Beginning in December, 
special tours for members of the armefi forces were nrrangied for 
Saturday afternoons. 

Natio^ Collection of Fine ‘The necessary plans were made 

during the year for tho protection and ovacuation of works of art 
in tho Kationnl Collection. Four oil paintings and a number of 
otlier works of art were, accepted for the collection by tlio Smith¬ 
sonian Art Commission. Three miniatures were acquired through 
the Cathcrinu Walden Myrr fund. Fig!it special exhibitions were 
held as follows; Miiilntures lent by Count ond fJountess Bfdnlan de 
Castellaue; oils and water colors by Hoy M. Mason, S, A.; oils, 
prints, and drawings b}' Antonio Rodriguex Luna, of Mexico; jade 
lent by Georges Estoppey; paintings on metal and piints by Buell 
Mullen; oils, water color's, and prints by menibei^s of the Landscape 
Cltib of Washington, D, C.; plaster busts by ^larina Nuficz del 
Prado, of Bolivia; oil paintings, pencil drawings, lithographs, and 
water colors by Iguacio Aguirix-, of Mexitro. 

Freer GaUejy of Art .—Additions to the collections includeil Per¬ 
sian and Syrian brass; Chinese bronstc; Chinese jade; Arabic man¬ 
uscript; Arabic, Chinese, and Persian painting; Anibic, Mesopo¬ 
tamian, Persian, and Syio-Egyjjtinii pottery. The regular work of 
tile curatorial staff was devoted to die study and recording of tlieac 
new acquisitions and other art objects already in the collection. In 
addition, 770 objects and 235 pbotograplis of objects were submitted 
to the Director by tlieir owners for in form ad ou as to identity, prov¬ 
enance, quality, date, or inscriptions. Besides this usual work, the 
staff devoted much of its time during the winter and apring to work 
connected with the war. Tlie total number of visitors to die Gallery 
for the year was ^7,890. A number of grouiis were given docent 
service in the exhibition galleries and study rooms, Carl Whiting 
Bishop associate in archeology, a member of the Gallery staff since 
1922, died on dune IG, 1942. I'rom 192:3 to 1937, and from 1920 to 
1034, Mr. Bishop wna in charge of the Freer Gallery field work in 
China. He published numerous articles on Chinese archeology in 
\arioiJs Journals and was widely known as an authority on the 
earlier phases of Cliinese culture. 

Buretm. of Amerkon ^VAno^oyy.-^Tlio time of the mnmliers of the 
Bureau’s scientific staff has been devoted mors and more to itctivittes 
concerned with the war effoit. Their specialized geographical 
racial, mid linguistic knowledge has been in constant demand by tlij 
Army, Navy, and other war agencies, and certain staff members 
have coopenjted closely with the Etlmogeographic Board, an a^ncy 
that acts as a cleartughouso for anthropological, geographlcaC >nid 
related mfonnotion needed in the war effort. As time permitted 
the Rurcmi continued its normal work of studying the Americati 
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Ijidirnu M. W* Cliicf the Bureau, spent 2 montlus in 

lle^ieo ill routinuLition of tlio Smut hi^^iniiui Institution-National 
GoOf^taphic Society fitfheolo^cal project In thnt country^ Dr, John 
R. SwAotoii continued work un a stialy of iho lanj^iage of tho 
Timucuii Italians of Florida mid on tho revision of a largo general 
paper on the Indians of Nortli America. Dr^ John 1*. Harritiigton 
carried forwaril work on two pix>b1ciiifi involving linguistic sindies 
of Aleiitj tho lunguage of the islands liriween Asia and America, and 
nf Athapascan, tho language of the northem Roekies, of a large 
part of the Pacific coast, and of the southern deserts. Dr. Frank H. 
IL Robertv'f, Jr., conducted archeological excavations at a site near 
San Jonj N. Hex., uncovering an interesting sequence of projectile 
points anti other arlifaet types and c^bLniniiig now in format] an on 
nboriginal ocenjiaiion of tlntt arean Just, befoi'o the chise of llic 
year Dr* ItolM-rts went to Newca.'^tlo* Wyu., to inspect a promising 
archeological site. Dr, Julian II. Steward irimtimied his work as 
editor of tlie Uandbook of Scadh Amorican Indians, in the cout^ 
of which he visited Brazil, Argentina, Paroguayj and Chile for con- 
feiences with Latin-Ainerjcaii an(1irt>pologists. Dr* Henry 15. Col- 
liti-s, Jr., continued the ptiidj- of archcolngicnl materials fioin pre¬ 
historic Eskimo village sites iiround Bering Strait* Dr* W. N. Fen¬ 
ton carried on several invesrfigtttinuit relating to the Iroquois Indians, 
Dr* Philip Drucker made an analysis of the [Kittery collections made 
in Jlexico in 1D41 by tho SmitlLsonian Institutlon-NationRl Geo¬ 
graphic Society expedition. In continnatiaa of the work of this ex¬ 
pedition he went in January 1942 to a site at La Venta, in north- 
we^ht Tabasco, where excavations resulted in a number of interesting 
dij^coTeries* Miss Frances Densmore, a collalx^rator of the Bureau, 
rceordf^l Omaha songs iit Macy, Nebn The Bureau published ita 
Annual Report and three Bulletins* Tlio library nccessloncd 350 
ifems; the reclassification of the library was practically compkled 
during the year* 

Intemationfrl pJiechanifefi .—Tlie Exchange Sennit! acts as the 
oflicial United States agency for the intercliaTigc of parliamentary, 
povemnirntnl, and scientific publications Ijctween this country and 
the r¥st of tlio world. The Service handled during the year 561,15L 
packages of publications weighing 326,106 pniiiuls- As would be ex¬ 
pected, the work of tlie Exchange Service was greatly bamperefl by 
tho war. In the Eastern Hemisphere only Great Britain and the 
Union of South Afiica contmuod to receive shipments from this 
country. In the Western Hemisphere, where all packages are sent 
by mail, there was no interruption to the sending of exchanges, 
although censorship caused some delfiy- In April 1942 the ^lending 
of the Congressional Record to foreign countries through the Ex- 
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chaiigo Servioo was discontinue for tlie duration at tte rajue^t of 
the Office of Censoi^Ip. 

Nationtd Zoological Pctrlc .—Althongh war conditions reduce the 
number of out-of-town visitors to the Zoo, more people from nearby 
areas came by bus and streetcar and on foot, bringing the total at' 
tendance for the year to 2,533^00, or sightly more than the ntimber 
for the previoDs year, A considerable proportion of the attendance 
was made up of men in the armed services, many of them enjoying 
their first oportunity of viEiting a large zoo. As usual, a large num¬ 
ber of gifts of animals came to the Park, and there were 65 mammals 
born, 40 birds hatched, and 0 reptiles born during the year. Deaths 
included a sulphur-cresitecl cockatoo that had been in the Zoo for 62 
years, and the American bald engle “Jerry,” a Zoo resident for 26 
years. The epidemic of psittacosis that caused serious losses of 
birds and caused th& closing of the bird house to the public for 3 
months, as noted in last year’s report, was finally subdued through 
the cooperntion of the United States Public Health Service and the 
District of Columbia Health Department. Many of the pclsonons 
reptiles have been removed from the Zoo, leaving bo few that they 
could be quickly disposed of in an emergency. At the close of the 
year, the collection contained a total of 2,411 animals, representing 
722 different species. 

Astrophysical Obfervatory.—Tho most important event of the 
year wag the publication of volume 6 of tine Annals of the Observa¬ 
tory, which covers its operations from 1920 to 1939, Besides de¬ 
scribing in detail the principal research on the variation of the sun’s 
radiation, the volume is the culmination of several years’ work de¬ 
voted to revising the daily nesultg of observation of the solar con¬ 
stant of radiation at the three field observing stations at Montezuma, 
Chile, Table Jfountaiii, Calif., and Mount St. Katherine, Egypt, 
from 1923 to 1939. The values published clearly indicate the vari¬ 
ation of the sun between extreme ranges up to about 3 percent for 
the period covered. The variation is shown to be composed of 14 
periodicities ranging from 8 months to 273 months. Each of these 
periods is reflected in terrestrial temperature and pt^cipitation as 
recoded by official ^venther servicea. Another important event was 
the incorporation as n branch of the Observatory of the Smithson¬ 
ian Division of Eadiation and Organisms, hitherto supported by 
private funds. Considerable confidential work for military purposes 
was djmo in the Observatory’s instnimcnt shop under the care of 
the Director. Because of the discovery that the percentage varia¬ 
tions of the intensity of sun’s rays is 6 times as great for ultraviolet 
rays as for the total of all wave lengths, apparatus was prepared in 
the instrument shop for restricting the determinations of solar varia¬ 
tions to the spectral regions of the green, blue, violet, and ultraviolet 
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mjs. Thia apparatus liaa been installed at all three field atationa. 
Alfirt prepared in the instrutneiit diop were tliree CMpiea of a ekj 
p(}lari 2 ation device invented by the late Prof. £. G. Pickering. It 
ia believed that the of this device at the observing stations will 
obviate the unsatisfactory results brought about by certain types of 
sky conditions. Solar observations on all favorable days have been 
continued at the three present field stations at Table Mountain, 
Calif,, Burro Mountain, N. Mex-, and Motitciunia, Cliile. 

of RodiaHon and —On July 1,1941, the Divi¬ 

sion became a branch of the Astrophysical Observatory and received 
Congressional appropriation for the support of its researches. Mem¬ 
bers of its stair were given Civil Service status. The present 
research work of the Division comes under three headings: Photo¬ 
synthesis, plant growth and radiation, and development of 
apparatus and methods. Esperiments were continued on the factors 
that infiuence the change in rates of respiration in plants, which led 
to speculation on the possibility ot the esistence of a carbon diomda 
reservoir connected with ihe cell mechanism. There is evidence also 
that the humidity of the air plays an important role in this pseous 
exchange. The study of the relationship between light intensity and 
inhibition of growth of the oats mesocolyl was extended to higher 
intensities. Work is in progress on the isolation and separation of 
two pigments indicated to occur in dark-grown oat seedlings. Pre¬ 
vious work in the Division bad shown that illumination increases the 
rate of carbon dioxide production by etiolated barley seedlings. Ap¬ 
paratus was assembled and preliminary exiMsritnents W'ere begun to 
study the iufiuence of radiation on the respiration of other types of 
plants. (Since October 1942 the Division has done war work only.) 

THE ESTAB1.ISH.MENT 

The Smithsonian Institution was created by act of Congress in 
1846, according to tlio terms of the will of James Smithson, of 
England, who in bequeathed his property to the United States 
of America “to found at Washington, under the name of the Smith¬ 
sonian lustitutiou, on establishment for the increase and diffusion of 
knowledge among men.’* In receiving the property and accepting 
the trust, Congress determined that the Federal Government was 
without authority to administer the trust directly, and, therefore, 
constituted an “establishment” whose statutory members ore “tha 
President, tlio Vice President, the Chief Justice, and the heads of 
the executive departments.” 

TIJF BOABD OF REGENTS 

Changes in the Board of Regynts during the fiscal year included 
the election at the Board meeting on January 16, 1942, of Chief 


10 


AKXtfAL REPORT SMITHSONIAN INSTITUTION, 1912 


Justice Harlan F. Stone as Chancellor of the Institution, to suooeed 
former Chief Justice Charles E. Hushes, and the appointment by 
Joint Resolution of Congress approTed August 21, ItHl, of the 
Honorable Fi^eric C. Walcott, a citizen of Connecticut, to succeed 
the late R. Walton Mnoure. By Joint Resolution of Congrejs approved 
August 21,1941, Frederic A. Delano, of the city of Washington, D> C., 
was reappointed to succeed himself for the statutory term of 6 years. 

The roll of regents at the close of tlic fiscal year was as follows; 
Harlan F. Stune, Chief Justice of the United States, Chancellor; 
Henry A. Wallace, Vice President of the United States; members 
from tho Senate—Charles L. MeJJary, Alben W. Barkley, Bennett 
Champ Clark; members from the Iluuse c)f Representatives— 
Clarence Canrifpn, William P, Cole, Jr., Foster Stearns; citizen 
members—Frederic A, Delano, AVasUington, D. C.; Boland S. Mor¬ 
ris, Pcntisylvania; Harvey ff. Bavlu, New Jersey; Arthur If. Comp¬ 
ton, Illinois; Vannevar Bush, AViishington, D, C.; and Frciloric C. 
AV'alcott, Connecticut. 

Proceedings ,—Tlio annual meeting of tlic Board of Eegents was 
held on January 10, IMS. The regents present wore Chief Justice 
llarfan F. Stone, Chancellor; Vice President Henry A. Wallace; 
Kepresentatives Clarence Cannon, William P, Cole, Jr., and Foster 
Stearns; citizen regents Fretltric A. Delano, Boland S. Morris, Harvey 
N. Davie, Vannevar Bush, and Frederic C. AViIcott; and tlie Secretary, 
Dr. Charles G, Abbot. 

The Board received and accepted tiie Secivtarj-’s annual reimrt 
covering the year’s activities of tho parent Institution and tho sev¬ 
eral Government branches. Tho Board also received and accepted 
the report by Mr. Delano, of tho executive comrnittee, covering 
financial statistics of the Institution; and the annual report of the 
Smithsonian Art Commission, 

In his special report the Secretary outlined some of the more im- 
portent activities carried on by Llie Institution and the branches 
during the year. 

FINANCES 

A statement on finances will be found in thp reiHirt of the exec¬ 
utive cominilU'O of the Brmrd of Bcgenls, page 

MaTTEHS of flENKEtAI, INTEREST 
SitmiBONlAN RADIO mOORAM 

The educational radio program known as “'The World Is Yours ^ 
sponsored jointly by the Smithsonian Institution, tile United Stat^ 
Office of Bhication, and the National Broadcasting Co., was ter¬ 
minated with tlie broadcast of May 10, 1942, after nearly 6 years 
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of siiocessful operation. On tlic air evety week without a 

broak for more iliFin 300 weeks, the series finally was brought to 
an end Iwemise of the urgent demand of war agencies for radio 
time. In explaining the necessity for closing the programj Thomas 
D. Risk worth, director of public .service programs, Eastern Divisioh, 
fiaiional Broadcasting Co.j wrnto to the Institution: 

r regret that \l waa ntceasary W cancel World I& Tours" In tIctt of 

Its loiip nind isocecEsful litslory as one of our oldest edacaUonnl broadCAOta 
* * * The war ptijci'gcikof has brought upon rndio mnn^ dlfflcnltlea that 
wore Tinfor>iecn, not she lenst of whleb is the Imposslibaiir of expanding & 
Biflcily limned HCbftlulc to meot ihe needs of all a^nclca Invtilvcd in tbe wnr 
effort * • • 1 bellov« everyone will ajrree tbtit tbraoj^b '‘Tlio World Is 

Touts" yon liave made a iink|Qc ccmtrlbdElorL to the tSevelopmcnl of the educa¬ 
tional slgnillcnnc^ of radio in lerma that were SnEeres^ttng to all types of 
liH toners. 

^The World U YoursJ' a half-hour drarnatiml program, first wont 
on the air on June 7,19i3&, unci almost oTpry week sinc^c thnt time it has 
presented over u Nation-wide Njitionid Ili’oadcn.siiiig Com|>]my net¬ 
work some phaf^c of science, in ven i ion, hiytoiy, and a rt. Tlie sc ries from 
the l>egiDning atmek a responsive chord in radio ILstencis throughout 
the country. Suppiementary art ides on the subjeotss discussc^l were 
offered to listeners, and many tlioiisands of tho¥fe who responded 
took occasion to express enthusiastic commendation of the program* 
It was made very evident that the AmcriGOii public is keenly inter¬ 
ested in science, history, and related fields if the subjects are brought 
alive by dramatization and if excessive technicality is avoided. 

Radio proved to be an ideal aid in acbieving a principal goal of 
tliG Institution, namely, the difiusion of knowledge. For this rea¬ 
son it w^as with great regret that “The World Is Yours^ wus brought 
to an Gild a.^ one of the sacrifices that have to be made when the 
country is at war. 

The subjects presented during the year np lo the close of the series 


on liny 10 were ns follows: ^ 

Thomae JcITcrR^n --- - - -- July ^ 

Builders of Ameiirau Aircraft**- — ... July 12 

Piratea or the X>eap —- - --- —***._. July li 

Dust Storms^-* __ _ __ July 2G 

HerbenWard. _. . Aug. 2 

Out N^eaveflt Neighbor Iti Space. ,, --- Aug. 0 

John EricBBoa* --- - ---- Aug. 10 

ChemlAlry—^ind American Tfidepeiidcnce, -- Aug. 23 

Tho Norecnien Jft Greenland* .— Aug. 30 

Glltsert Stuart . . .--- ^pt. 7 

Cave and Cliff Bwellcra- --- — -- Sept. 14 

Pompeii LLvefi Again_*_,^-- ---- 

HiirtoricAi Crfms --- - -- 


1 BecAOK of NAtloDill BlwndciurtlLiF CO- roCijsn ItmWti. ivp progfmm -cuvh 
10, 1041 , And JiBunry U. Fclirtwry 22 , llArcll 15 . And AlwU 12 . imt. 
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Industiy CWls oa Fhysics._ ___ _^ Oct, 5 

Swnticl __ _ _ 12 

loseirt Allies af MAll... . . ... Cfet. 10 

South Spji . .. . Oct 26 

The Story of Wheat__ ____ __ _ I^ov. 2 

OneuDg Aioerleim Beroev. ______ ?foVp 0 

Arctic EspIoroTA _ _ ___ _ Nov, 23 

Hunling ia Cokiaia] ______ ___ Nov- 30 

AncicDt Corth&go._ _____ _ Doc. 7 

Minclce of Modem Medidne.. ___ _Dec. 14 

A Groat Amcricaii GooIogiBt., _______ Dec, 21 

light that Heatfl_ _______ Deo, 23 

m2 

Our Expanding Knowledgs.-.^^.. ____ Jan. 4 

FotK^tfl and the War_ _____ Jan- IB 

BtophcD Decatur—^Navai Hero _...__ _ _ Jan^ 25 

Zebulon Montgomery Pifce^_ _..._ _ Feb. 1 

Chemicals from tho Air. ... Feb- 3 

The Gaaotinc EeglDc _____ ^^.____ Feb, 15 

The Muak ..__ Mar- i 

The Sai?fl of the Cometoek Lode„,Mar, S 

The Jight on the Arikaroo ^ _____ _ 22 

Bigelow and the Carpet Industry.-.. ... Mar. 20 

Balboa and the DLscov^t^j- of the FadBc ____ Apr, 5 

Auitralia,, ------_ Apr. 19 

ChfDa_-_--->*^-- --- Apr. 26 

The Philippinefl-^ _____ _ Muy 3 

... . .. May 10 


WALI^ RATHBONE bacon SCnOLAHSHIP 

Tha Walter Enthboao Bacon scliolarship of (ha Smithaonian In* 
stitution for 1&41-194S was awarded in July 1941 to Philip Hersh- 
koTiti, of the University of Itiehigan, for a study of the distribution 
of mammals in Colombia. On November 8, 1941, Mr. Hershkovitz 
departed from New York on the steamship PlAtana and arrived 
Novifinber 14 at Barm ik] 1 ]ilia, Colombia] where arrangementa for 
Geld work were completed with the assistance of tha Department of 
State through the Hon. Nelson R. Park, the American consul. 
After having obtained the necessary permits for travel and for the 
collecting of natural history specimens from the Governor of the 
Department of AtHntico, Mr. Hershkovitz was invited bv Mr. 
Crump, owner of a ranch at Sabana T^rga, to set up camp on his 
land. Collections were made in the northern portion of the Clenaga 
de Guijaro near Arroya do Piedra and on Cerro da la Guajia from 
November 28 to December 18. Returning to Barranquilla, he ei- 
nmined the Indian bunal ground uncovered at the Soledad airport 
south of Uiat city, and adth the help of P. J. Do Guerin, office 
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eng^eer of Avionca, a subsidiary of the Pwa-American AiritVays, 
excavated pottery and portions of human skeletons. 

After some delay, Mr. Hersbkovitz departed on January 3, 1942> 
from BarmnquUla for Caracolicito, arriving there January 4. On 
invitation from the director, Sr, Jose 1. Martinez, Mr, Hersbkovitz 
made collections in tlie tropical forests surrounding Colonia Agricola 
do CaraeoUeito from January St to March 16. From this region he 
moved camp to Pueblo Bello (Pueblo Viejo Sur) on the southern 
flnuk of the Sierra Nevada do Santa Marta, Department of Alagda- 
lena, and worked tliere from April 19 to June 6. As a result of ceU' 
turies of deforesting, overgrazing, and burning by the Indians, the 
general appearance of this region is now that of a savanna with 
small stands of second-growth Umber in the valleys and small patches 
of virgin forest on the inaccessible parts of the lulls. Consequently, 
collecting did not produce as good results as bad been anticipated. 
About the middle of June, collecting was begun at El Salado, about 
halfway between Pueblo Bello and Valencia, 

ETJSVENTEr AUTHUR LECTURE 

The late James Arthur, of New York, in 1931 bequeathed to the 
Smithsonian Institution a sum of money, port of the income from 
which should be used for an annual lecture on the sun. 

The eleventh Arthur lecture, under tike title **Tlto Sun end the 
Earthls Magnetic Field,” was given by John A. Fleming, director, 
department of terrestrial magnetism, Carnegie Institution of Wash¬ 
ington, in the auditorium of the National Museum on February 26, 
1942. Tlie lecture is published in full in the General Appendix to this 
Beport. 

The 10 previous Arthur lectures Iwve been as follows t 

L The CompOsttiDD of the SnDp hy Uenrj Norris Ra^ll, iirofos^r of AS- 
troDoair at Pfiaetton UaSTt^tslsj* Jatmary 27 , 1P32, 

2l OraTltatLoD In thD Solar \?l1Uam Ddowiih prt^fwsor of 

matliamatloa at Vale UaltenjitT. Jaauaj^ 25, 103^. 

How the Stih WariBs the Eiirtb, by Clmrlos G- Abbott Secretnrr of the 
SmUtiSoalan laStitttUoiL Fobruary 103^. 

4. The Sun''B Place unions the StarSt by Wnltor S. Ajdamst director o£ the 

Blount Wilson Obserraiory. December 18. 1034. 

5> Atiii Plane Life, by EarJ a Johnston. nssUftaaC director of the 

Division of Eadlatfen and Or^tilrijnfln Smltliaonlaa TnaUtnlloo. Februarr 
23. im 

0. DIsccTerlea from EcUpae Esiiedltioos, by Samuel Alfred MlicheLL, director 
of the Leuiadtrr McCormick Observatory. University of Vlrsliila. Fohroaiy 
0. IftOT. 

T. Th^ Son and the Atmosphere, by Harlan True Sietson. reaesreb ASOOdAte, 
MoBsaeliuseCts InBdlate of TechtioloEj, Febmary JI4, 1036. 

5, Sun Worablr. by Herbert J. Siilnden, carater of American Lrnllan Art and 

PrifflUive Cultnrea, Brooklyn Mnecums. Febnmry 
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9. Solar P/ojulftODP^ to Mol too, by Hubert R. McMJitli, ilLreetOr of tho McMatb- 
HuIberE OhserTQtory of ibe Univer^ly of aiicbi^o^ Joniinrj 1040, 

10. of Solar Rudiiitloo on HtffSior AnJindlH and Mao, by Brian 

professor of Flii siotufiicail Optica, rnU-orsIty of Rochester 
F^nwry 2S> 

FXFLOltATIONS A^D FIELD WORK 

ExplonitionSf often in out-of-tlie-%Yay corners of the earth, have 
always fomieJ a major part of the Institution^^ program for the 
‘^crease and diffus^ioii of knowledge.” Altliougli world conditions 
during the past year Imve made it eitlicr impracticable or undcsir- 
uble to send out many of the expeditions that normally would have 
taken tlie field, nevertheless, even iiiidei' the |>resent unfavorable con¬ 
ditions it was found jHis^ble to carry on some field work in connec* 
tion with researches previously commenced. 

In astrophysics, the Institution’s field observers carried on their 
study of the intensity of solar radiation at tlio three Smitlisonian 
observing stations on llount MoiiteKuma, Chile, Tabic Mountain, 
Calif., and liurro MounbiiiL N. Mex. Observations were made on 
every suitable day throughout the year, and the results were trans¬ 
mitted to Washington where they are used in investigutions on the 
variability of solar radiation and on the relation between this varia¬ 
bility and the earth’s weather. 

In geology, Dr. W. F, FoBlmg ditL-^teil an cxpeiiitif^m in cuofM^ra- 
tion with the United StaU's Geological Survey with the purpose of 
studying certain strategic-mineral resources of Mexico, Dr, Charles 
E. Rcsser continued his studies of CunibrJnu rodca from Montana 
into ilic Canadian Rockies, obtaining much new information and 
many desirable spociineiis [>ertaJning to the ancient Cambrian period. 
Dr. G. Arthur CooiHjr made large ci:illectiuns of Carbfmiftjroua and 
Pemiimi fossils in Texas and Oklahoina, including much materia! 
hithert/j lacking in the National Museum collections. A third ex¬ 
pedition to the Bridger Badlands of Bouthwestern Wyoming in 
search of extinct vertebrate animals was directed by Dr, C* Lewis 
Gazin; many interesting exhibition and study s|>eciiiienfl were 
brought back to the Museum, iiicluding a 1,^70-ponml slab containing 
13 or 13 fossil turtles. 

In biology, Dr, E. A. Cliapin visited tlie islaiul of Jamaica to con¬ 
tinue his studies of the insect fauna with special reference to the 
termites. Large collections of the plants of Cuba were made by C. 
V. Morton, who spent 2 months on the island in Ljtanical field work 
accompanied by two Cuban Govemment botaruBts. 
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In aiitliropology, Dr. T. D, Stewnrt visited Peru to make a scien^ 
tific eianiination of the skeletal remains eX[»Bcd in the numerous 
ancient cemeteries of that coimtiy; lie also gatliered information on 
the dieletal collections in Peruvian museums. As an ostensmn ot 
Smithsonian cave eaplorutions in the Big Bend repou of Texas, 
Walter W. Tnvlor investiguted raves in the region of Cionegafi, 
nhuiln, Mexico, some 2D caves being excavated in tlic course of the 
work Dr. Frank II. H. Rolwrts. Jr*, coiidudeii nrehrohigical 
tigations near the town of San Jon, eastern New Mexico, revealing 
four tvpes of projectile points from four str«t.igraphic mrizons. the 
oldest’type in -ssoeialioii vi itli an extinct bison and witli indicates 
that it may be contemporaneous vi ith the Folsom honzon. I>r. AVil- 
liam N. Fenton recorded Irofiuois songs in New York State and 
Canada in cooperation with the Division of Music m the Library of 
Congress. 

PtiniJC.ATIONS 


The publications of Ihe Instilutioii and its branches, i^ued in several 
distinct series, constittite its diief means of accomplishing tlic dif¬ 
fusion of knowcldge." The Sniitlisnniim Annuel Report contains, 
in addition to the Secretary’s administrative report, a general ap¬ 
pendix madfl up of selected nontechnical articles which together 
constitute a survey of tiie current state of knowledge m m.-iny fields 
of scientific investigation. The series SmitliBonian Mi-<^lbneoiB 
Collections provides an outlet for the results of researches by ismith- 
sonian scientists or collaborators of the Instiliition without restriction 
as to the field coveted. The Bulletin and Proceedings of tlie National 
Museum record the investigations of members of its stall, as well as 
of outside scientists, based on the great collections of the MuBcum. 
The Bulletins of the Biireiui of American Ethnology deal with 
Tarious phases of tlw study of the American Indians. Other wnes 
include the Annals of the Astrophysical Oliservatory, the title of 
which is sclf-explanntorv, and Smithsonian War Background Studies, 
a new scries ititendcil to disseminate information on the peoples 


and areas involved in the present war. 

During the year, 100 pnhUcations were issued, 51 by the Institution 
proper 44 by'the National Musoum, 4 by the Bureau of Araoncan 
Ethnology, and 1 by the Astrophysical Observatoiy. The titl^ 
authors, and other details ot these publications will be foui^ in the 
report of the chief of the editorial division, appendix 11. Tlie total 
number of publicotions diatiibutcd was 162,525. 

Outstanding among the year’s publications may be mentioned 
volume 6 of the Annals of the Astrephysical Observatory, covermg 
20 Years* investigations of the solar radiation; a paper by the late 
Carl Whiting Bisliop entitled “Origin of the Far Eastern Civiliza- 
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lions t a Brief Handbook”j a paper by Frank C. Hibben on “Evi¬ 
dences of Early Occupation in Sandia Cave, New Mexico • * 
which throws more light on the earliest occupants of this continent | 
a new edition of the “Handbook of the National Aircraft Collection ” 
by Paul E. Garber; and another volume in the series on life histories 
of North American birds by Arthur Cleveland Bent, “Life Histories 
of North American Flycatchers, Larks, Swallows, and Their Allies.” 
The continued demand for the Smithsonian volumes of tables, in 
large part from war agencies, necessitated n reprintiug of the Smith¬ 
sonian Metcorolo^cnl Tables and the Smithsonian Physical Tables. 

LIBBABT 

In common with the scientidc libraries of international scope, the 
Smithsonian library suFered severe disruption from tlie impact of 
the war. Publication of scientific books and periodicals declined 
abroad, and those that were issued were obtainable only with great 
difficulty if they could be obtained at oil. After Pearl Harbor, of 
course, library eschanges ceased with nearly all countries except 
those in the Western Hemisphere. Tlic brighter side of the picture, 
however, is the servico the library has been able to render to war 
agency officials, not only by providing access to published informa¬ 
tion, but also by putting inquirera in touch with members of the 
Institution's staff having specialised knowledge and by arranging 
introductions to outside sources. Taking advajitage of the decreased 
amount of time devoted to foreign exchanges, the library staff grasped 
the opportunity of recalaloging older material that has long needed 
attention and of strengthening and extending domestic exchanges. 
As usual many gifts came to the Ubrary from associations and in¬ 
dividuals, noteworthy among them being 724 publlcatioiis from the 
American Association for the Advancement of Science, 68 from the 
American Association of Museums, and a library of some 2,000 items 
on Copepoda assembled by the lata Dr. Charles Brancdi Wilson and 
presented by his son, Carroll A- ’Wilson. The most important of 
the changes in the library personnel was the retirement on January 
31,1M2, of William L. Corbin, librarian for more than 17 yaats, and 
the appointment to suocoad him of Mrs. Leila F. Clark, who had been 
assistant librarian in charge of the National Museum library since 
1929. The year’s st adst ics show 5,685 accessions, bringi ng tlie library’s 
total holdings to 867^00: 229 new exchanges arranged; 4,040 “wants” 
received; 4,776 volumes and pamphlets cataloged; 29,826 cards filed 
in catalogs and shelflists; 12,258 periodicals entered; 9,978 books and 
periodicals loaned; and 1,400 volumes sent to the bindery. 

Beapectfully submitted. 


C. G. Abbot, Scewfory. 


APPENDIX 1 

REPORT OS THE UNITED STATES NATIONAL MUSEUM 


Sib: I have tile bonoc to submit tlie following report on the con¬ 
dition nnd operation of tie United Stivtes National Museum for the 
fiscal year ended June 30j 1012: 

Appropriations for tie maintenance and operation of the National 
Museum for the year totaled $830^70, which was $12,073 more than 
for the previoua year. 

COIZmEXTTIONS 

Additions to tiie collections of the Museum aggregated lj3S8 sepa¬ 
rate accessions, comprising 284,582 indiridual specimens, a decrease, 
compared with the previous year, of 130 accessions and 42,104 spe^- 
mensi. Distributioii of these addltionB among the fivo departments 
was as follows: Anthropology, 3,000; biology, 245^00; geology, 32,- 
418; engineering and industriesj 2,415; and history, 1,540^ These ac¬ 
quisitions were received principally as gifts from individuals, or as 
a result of espedltions sponsored by the Smithsonian InstitiitiorL 
All are listed in detail in die full report on tho Museum, published as 
a separate document, but tho more important are summarized below. 
The total number of catalog entries in all departments is now 17,- 
578,240. 

AnthTt}poIoffy.--Th^ division of archeology received 68 Greek, 
Roman, and Egyptian specimens collected by Thomas Nelson Page; 
several examples of ancitnt Persian pottery and armor; about 700 
artifacts excavated in Florida; more than 200 stenej. bone, pottery, 
and shell specimens from the old Indian village site of PotawomelcB| 
Stafford County, Va.; and 175 artifacts from southern California, 
In ethnology, blankets, jewelry, and wearing appml, repre^entmg 
the culture of the Navalio of Arizona, the Zuui, tlio Tule Indiana of 
the San Bios csoast of Panama, the Indiana of Guatcnmla, the Choco 
Indians of Darien, and the Comanche Indians were of outstanding 
interest. The ethnological collections were also sugmcntcd by 
masks, food bowls, heud restst and cult objects from voodoo shrines m 
Haiti, and cutting and slasliing we^ipons made by the Moro of Jlin- 
donao, P- I. Among tlio importfint accessions the collection of 
ceramic^ were a glazed Parian pitcher made about 1850 in Vermont; 
a Bilston aniiffbos made in 1750; an interesting collection of 
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eighteenth- and nineteentii'Century European wajie including pottety, 
porcelain, and glas; and examples of Sandwich glass dating to 
about 1940. 

Biology ,—^The important mnmmalhm accessions of the year in¬ 
cluded 30 Antarctic seals, representing 4 genera and including 3 
iikins and 3 skeletons of die rare Boss's seal; 151 nianunals from Mo¬ 
have County, Ariz.; 54 Manchurian miunnialN, one of tvhirh was new 
to science; a Tibetan fox skin {Cynoloyez corsac}^ a genus hitherto 
unrepresented in tlie Museum, from Yunnan, China; and 35 hats 
collected in caves near Washington. 

Among the most important and valuable avian accessions of tlie 
year are 1,845 skins collecUKl in Colombia by Dr, Alexander Wet- 
more and M> A. Carriker, Jr.; 447 birds 11*001 Braxil from the Rocke¬ 
feller foundation; bird skins from ifuxlct), Manchuriii, Paraguay', 
and Alaska. Skins representing forma new to the Sluseum collection 
included 5 from Vencsuela, 1 from Chile, and 1 from Ecuador. The 
Fish and Wildlife Service of the Department of the Interior trans¬ 
ferred 53 birds fiom various parts of the world and 3 sets of eggs of 
rare North American waterfowl. Of the skeletal material ac<]uired, 
63 skeletons were collected by members of the staff, and &0 were re¬ 
ceived from the National Zoological Park. 

An outstanding accession of tJie division of fishes consisted of 
14,219 specimens from the area between Peru and Alaska, received by 
transfer from the United States Fish and Wildlife Service. Presi¬ 
dent Franklin D. Roosevelt presented a fine “motlier of eels," 
3feccrosoarces americaini*^ caught off Kovia Scotia on August 9, 1941. 
The type material of Nt/pxtiblenniopn riokettsi was included in n col- 
lectioD of 107 specimens of fishes from the Gulf of California. New 
material, received in exchange, included the follovriug: llolotypea 
and paratypes of new species friun Liberia and Cameroahs; 29 para- 
types from Brazil, Y'uculin, and Venezuela; a cotype of Elanvra 
forficata from Bering Sea; and one para type each of Sebastodes 
ouwfoni, Nectafg^ mpenthe, Macltaercw:helys vaiuleTbilti^ and 
Spinoblonnivs spiniger. 

The division of insects received the collection of Heniiptcra, built 
Up by Ilf aldo L. ilcAtee, of the hish and IVildlifo Service, consisting 
of approximately 25,000 specituens and containing mucli type ma¬ 
te rial. Mr, Me A tec also p^e^felltcd volumes and papers on entomo¬ 
logical subjects needed for the division’s sectional library. The col¬ 
lection of tlio late George P. Engelhardt and his entomological books 
Were also aerjuired by the division—these in addition to the more than 
5,000 specimens of Lepidoptem presented by Mr. Engpibardt before 
his death, ^e material collected by the curator, Dr. Edward A. 
Chapin, during an exjwdilion in Jamaica, consisting of about 7,600 
specimens, mostly termites, was accessioned during the year A largo 
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collection, mostly beetlt!^ was received as a gift froui tlie Columbian 
Govcrjiijient. Among other large lots of insects received was a col¬ 
lection of ^2^000 specimens taken by tlie United States Bureau of 
Entomology and Plant Qiiamntine, in connection with its activities. 

Accessions to the diviEsion of mariue invertebrates included 17 
species neiv to the collections, representing crayfish, crabs, stonoi' 
topods, pycnogonids, OistraccKls, tiirbcllarian and sipunculid worms, 
earthworms, rotSfens, sponges, and bariiacles. The division's sec¬ 
tional library received us a bequest from Dr* Charles Branch Wilson 
a comprelieiifeivc library {approximately 2^500 Looks and pain- 
pldels) on copepoJs. Among Um nior& imimrtartt accei^jotis iceeived 
by the division of mullusks during the year was a collection made by 
Dr. Alexander Wetmore and M. A. Carriker, Jr., in Colombia. ThiJi 
collection included scAcrul new species of mollusks. Two purchases 
were made tlirough tho Frances Lea Chamberlain fimd, consisting of 
2(Xl lots of S4^ specimens. Several large collection:^ of mollusks w'ere 
noeived, representing the fauna of Fiji, Australia, Nevr Zealand, 
Costa Eicu, and Hawaii, as well as varioirj loealitiei^ hi the United 
Status. Many anialh-r accessions incluiled types of new sj)ecies. Ad¬ 
ditions lu the heliiiintbological collection also contained numerous 
tyix« and cotypus. The Aluseuni’s collection of corals was augmented 
by 447 sj>ucbiiens, and among the more important accessions of the 
division of echiiiorlerms is the first specimen of tJm brittlestar 
Ophiocoina a^^tkiopis known from Peru. 

Among the more important accessions tecordtid by the division of 
plants (National Herbarium) was a lot of 2,169 gpecimena received 
in oontinuation of exchange from the InstUuio dc Ciericiaa Nuturales, 
Bogota, Colombia^ A cooperative project between this institution 
and the National Museuiu now in preparation, a descriptive Flora of 
Colombia, will include a it:port on tlie above mentioned material. 

Gt^ology .—Among the 156 minerals added by purchase to the Koeb- 
ling collection waj* a large, deeply etched aquajuarine from Agua 
Preta, Minas Geravs, Bmzil, the line#d single specimen acquired dur- 
ing tlie year. Other accciisions included exceptional examples of 
copi>cr minerals and lead carljonate, an unusual ci yslallixed turquoise, 
a monnzite crystal from Braail, JiTid a mass of the phospbate 
litbiopliilite. Thn^e acquisitions of exceptionally fine minerals were 
obtained by purchase fifjm the collection of Dr. Otto Eunge through 
I he Canficij fund. The outstanding additions to the gem cob 
lectiuii came tlirmigli a l>cquifit of Sfi-s. Mary Vans Walcott, among 
which a valuable l2-caiat alvxatidi ite, a striiig of pearls, and 14 
necklaces of gem quality are worthy of special mtjution. The geo¬ 
logical collections were al^iO uugmented by sevcnil JmiK>rtant speci¬ 
mens of meteorites and ores, among tlum a complete specimun of tlie 
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Eose City, llich., stony meteorite^ ’weighing 2,690 grams, one of the 
largest mdiriduals of that fall, presented by Dr. Stuart H. Perry, 
and a 184-pouDd mass of cassiterite from Goodwin Gulch, Stewart 
Peninsula, Alaska, perhaps the largest single piece of this tin mineral 
ever found. 

Outstanding among the aocessiona by the division of invertebrate 
paleontology and paleobotany are a lot of more than 1,500 tj^w sped* 
mens of fossil invertebrates j 4 tons of limestone blocks containing 
beautifully preserved silici6^ fossils obtained by Dr. G. A, Cooper 
in the Permian formations of the Glass Mountains of Texas; and 
8,000 invertebrate fossils obtained by Dr. C. E. Eesser from the Cam¬ 
brian and Devonian rocks of Montana, Utah, and the Canadian 
Bockiea. 

Ei>gi 7 ieerififf and Industries.—Seals models of historic aircraft 
formed the largest group of important objects received by the division 
of engineering. Among these are models of 10 ’winners of the Thomp¬ 
son Trophy air races and a model of Sikorsky’s 4-Tiiotor biplane, 
Grandf of 1913, which is called the first successful 4-motor airplane. A 
timely addition to the division’s extensive series of aircraft engines is 
an example of the Allison liquid-cooled iatemal combustion engine, 
type V-171&-C, which represents one of industry’s great contributions 
to the present ’war. Another very timely accession is a ^-ton, 4-wheel- 
drive reconuaissmea and command automobile, or ‘^jeep," lent by the 
War Department. A transparent, plastic-body 1939 Pontiac automo¬ 
bile, received ns a loan, fills the division’s need for a late-model cor. 

With the consent of interested persons, the material contained in 
boxes deposited in tlie care of the Smithsonian Institution by Alex¬ 
ander Graham Bell in 1880 and 1381 was transferred to the division of 
enguicering. Included are several photophone transmitters, selenium 
cell elements of receivers, an electrotyxie phonogram, and a grapho- 
phono equipped with a reproducing element designed to reproduce 
sound through the medium of a jet of air without mechanical contact 
’with the record. 

The most valuable object added to the medical exhibit was the first 
Emerson iron lung, completed in 1931, and used for several years to 
produce artificial respiration. 

The most noteworthy acce^ion in gi’aphic arts was the gift of IBS 
Currier and Ives prints previously loaned to the di^slon of grapliic 
arts by Miss Adcle S. Colgate. This uocession was reported and de¬ 
scribed briefly in the report for 1941. With the cooperation of tho 
Evening Star Ne’wspaper Co. of Washington, die division’s exhibit 
showing the steps in the printing of a newspaper was entirely reno¬ 
vated by the substitution of 23 ne’W spedmens to replaca those now 
obsolete. 
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Tho art Qiat€rial accessioned by the dlTision of history in¬ 
cludes a water-color sketch, painted in 1918, by Georges Scott, emblem¬ 
atic of the cordial Telations existing between France and the United 
States. For the niinusmatic coUection tlte Treasury Department for¬ 
warded a number of California gold tokens, coins, and examples of the 
bronze, nickel, and silTer coins struck at the Denver, Philadelphia, and 
San Francisco mints in 1941. The philatelic material was by 

1,801 specimens, which were transferred from the Post Office Depart¬ 
ment. Among these arc stamps for countries now occupied by Ger¬ 
many, including German stamps overprinted **Liizeiaburg,” and stamps 
issued by Germany lor Poland. 

E?tPl,OItATIOMS AND FIELD WORK 

Explorations by members of the Museum staff have produced val¬ 
uable information and highly useful series of specimens in various 
Helds. The work has been made possible mainly by funds provided 
by the Smithsonian Institution, and by interested friends. With 
the entry of the United States into the war in December, the pro¬ 
gram of field activities was definitely curtailed. The expeditions 
from that date were those already in the field, or those that were 
required because of commitmonts previously made. Though the 
scope of the work has been decidedly less than in normal years, 
valuable results have been obtained. 

Anlhropolo ^.—^Walter W- Taylor, Jr., honorary collaborator in 
anthropology, completed archeological explorations around Cuatm 
Ciunegas in Coahuila, northern Mexico, which be inaugurated during 
the previous fiscal year. He conducted excavations in Fat Burro 
Cave and in Nopal Shelter, in Canyon de Jora, about 21 mites west 
of Cuatro Cifnegas. He tlien moved camp to Sierra de San Vicente, 
20 miles southeast of Cidnegas, where he excavated a large site called 
Frightful Cave, located iu the only through canyon in the San Vi¬ 
cente range. In this cave, which measures about 200 feet long and 
tapers in width from 30 feet at the entrance to 8 feet at the rear, the 
deposits ranged in depth from 10 feet to 3 feet, and consisted of 
compact floors, over which were superimposed strata of fire-ciacked 
atones, asli, end fiber. Noteworthy specimens recovered from Fat 
Burro Cave conrist of an atlatl, or throwing-stick foreshnft, with an 
arrow attached by sinew; a series of split-twig loops, comparable 
to those from the Big Bend area in Texas; atone ptojectile points 
similar to those from caves along the Pecos River, Texas; and a few 
pieces of split-stitch basketry. From Frightful Cave ha recovered 
twilled woven bags filled with buckeyes, grooved clubs, four dis¬ 
tinct types of fiber sandals, twined woven mats, and aprona. All 
the material collected was packed and transported to Mexico City 
for inspection by the scientists of the Instituto Nacional de Anthro- 
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pdoBin . Hiswri., .There Mr. T.jrlor rereived every eourte, 
the Director of Ihe Inelitiition, Sr. Lie. Alfonso Caso, and the 
rector of the Department of Preliispanic Monuments, br. lug. ig* 

""From''Senfi of Muy to the mi(i<3le of .!iinc m2, Frank Seta- 
Icr head curator of the department of anthropology, was detailed 
to ’the National Park Service for the purpose of directing a rapid 
awheological reconnaissance within the canyons formed by the 
Tampa and Green Rivers in northwestern Colorado and extern 
lltali to locate and evaluate the prehistoric caves, shelters, and vi - 
lace sites within an area that may be inundated evcntnally, if pro- 
p^.l dams are huilt along these rivers. The esiiedition traveled by 
boat through the various rapids within the canyon, and discovered 
and tested numerous sites. A detailed report covering the results 
of these investigations was prcpiiretl and submitted to the National 
Park Service before the close of tho fiscal year. 

Bwlogy.—In Blarch, M. A. Carriker, Jr., carrying on tha work 
begun last year with Dr. Wetmoro, continued the study and collec¬ 
tion of birds in northeastern Colombia, From Codazzi, in the ]>- 
partment of Magdalena, he traveled into the mountains to establish 
A base that gave access to the higher peaks along the VOToziielan 
bowler. These investigations were supplemented by collections from 
the lowland areas, which were of value in connection with materials 
obtained in March 1941 at Caracolicito, in the drainage of the Kio 
Ariguani. At the close of the fiscal year these studies, which were 
made possible by the W- L. Abbott fund of the Smithsonian Insti- 
tiition, were still in progress. 

Dr. Leonard P. ^hultz, cumtor of fishes, was absent from Febru¬ 
ary 1 to May 28 in Venezuela in connection with the program of the 
Department of State for promoting cultural relations with other 
American countries. Dr. Schultz spent 2 weeks in Caracas, where 
he consulted with various scientific groups, and the remaln<kr of 
his time in the Maracaibo Basin, studying tho fish fauna of that region. 
His work there was made possible by the friendly coopemtion of the 


Logo Petroleum Corporation at Ufaracaibo and Lagiuiillas. For S 
days Dr. Schultz collected in the Talleys of the Rio Motatan, Rio 
Clmmn, Rfo Catatumbo, and Rio Torbes, nil in the Andes. Tie ob¬ 
tained about 10,000 fish specimens, including approximately 115 
species, and other natural-history material. The fish collection is 
the most complete one that has been made in this region and will 
afford valuable new information in this field. 

Dr. E. A. Chapin, curator of insects, worked for 6 weeks in 
Colombia, in connection with the above-mentioned program of the 
Department of State, For S weeks he was in the vicinity of Bogotd, 
mainly at the Instituto de Cienclas Naturales in tile University 
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Center. Tlirotigh the courtesy of Dr. ArmaDdo Dugand, Director of 
Ihe Ijistituto, Dr, CUapin'a roseai-clios 'trere conducted vith tLe close 
cooiieration of Luis M. llurillo, diief entomologist of the Colombian 
Qoyemnient, Francisco Oloja, assistant entomologist, and Hernando 
Usoriio, preparator. Mr. Murillo conducted several field trips tlmt 
permitted Dr. Cliapin to Ijecuine acquainted witli some of the ma}or 
entomological problems of tile country. These included inveatiga- 
ticins in the citrus regions near Cachetd, Pacho, and Guateqn©, and 
two trips into the Pfmimo near Guasca. Study in the Bogotd area 
was aocumpanied by a tour of other scientific agencies in Colombia. 
Dr, Chapin visilcrl the agricultural institute at Meilellin, wlieru 
work on the collection of insects is under the direction of Dr. F. L. 
Gallcgo. The party, consisting of Messi's, Murillo, Otoya, and Cuba! 
(an entomological student), and Dr, and Mrs, Chapin, then pw* 
ceeded to the Agricultural Experiment Station at Palmiru. WJiile 
tliey were in Cali Dr. Belisario Losada escorted tlie party on a col¬ 
lecting trij) into the Cordillera. They then iTeturncd to Bogota 
for a final week of work at the Tn>ttitulo, where special attention w^ 
given to the family Coccitiellidac, which is of considerable economic 
importance in Colombia. Plans were formulated for further collab¬ 
oration between the Institulo and the United Stato.s National MuMum, 
with a monographic account of tlue Cocciuellidac of Colombia as 
the end in view, 

C, V. Morton, assistant curator of plants, spent October and 
November in Cuba, under the sponsorship of the National Museum 
and the Department of State, for the dual purpose of Iwtanital field 
work and (lie furthering of cooperation with Cuban ^ientists. Mr, 
Moiion was occupied part of the time in making partial catalogs of 
the ferns in various herburia. In cooi>cratioii with the Oib^ De¬ 
partment of Agricullui-e, and in association with Jfessra. Acuna and 
Alonzo, of the Estadon Agrondmica at Santiago do Las Vegas, he 
also undertook field work in the mountainous part of Oriente, rape- 
daily on the Sierra Nipe, and the northern slojira of the Sierra 
Maratra. Later he made collections in the Trinidad iVlountains of 
Las Villas, with the Harvai-d Botanical Garden at Soledad as a 
base, and, through the friendly inlcrest of the Colegio de La Salle 
(if Ilithaiia, in the Sierra de Los Orgaiios in Plnar del Rfo. These 
expeditions resultcil in the collection tif specimens, represent- 

iiig approximately l,t3O0 numbers. 

Dr, E. 11. Walker, assistant curator of plants, was occupied for a 
week in June in the Piedmont and the Blue Ridge Mountains of 
North Carolina and South Carolina, making boUiiical colledions. 
Under Dr. Walker’s leadcrahip, local field work has been carried on 
by members of the Conference on the District of Columbia Flora. 
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Field trips to thia W€ist for vertebrate and invertebrate 
paleontological collections were specially successful thi^ year. 

Dr. C. E* BeSiseri curator of invertebrate paleontology spent part 
of the summer in Montana, aud part in the Canadian Bookies. Ac¬ 
companied by George Burke Masey^ of Missoub, Mont,, he first made 
a brief collecting trip to the nor them Wasatch Mountains in search 
of Cambrian fowh. In the Canadian Kockies they devote the first 
2 weeks to the study of Cambrian beds in the mountains adjacent to 
the Bow Valley, chiefly at Caetle l^Iountainf and in the Valley of the 
Ten Peaks at Moraine Lake, where they found excellent fossils high 
on nearby Eiffel Peak. They worked for more than a month from 
a base camp at the foot of Mount Stephen, 3 miles west of Field, 
covering an area as far east as Lake Louise and west beyond Emerald 
Lake. For nearly three-quarters of a century the fossil bed on 
Mount Stephen has been known to pnleontoiogisU throughout the 
world. The trail leading up from Field is only 3 miles long, but it 
climbs 2JOO feet. Entire tiulobites are common, and many other 
fossils are obtainable. With the permission of the Canadian Na¬ 
tional Park Service, Dr. Ee^^r and his party collected eiccellent ma¬ 
terial. Later it wa^ Dr, Eesseris privilege to follow the trail on the 
north ride of the Kicking Horse Bivor to Burgess Pass, made famous 
by Dr. D* Wolcott, former Secretary of the Smithsonian Institu¬ 
tion, by his discovery of the most remarkable fauna of these earliest 
geological periods yet found. 

Dr. G. Arthur Cooper, associate curator of vertebrate paleontology, 
collected fossils in Texas and Oklahoma. In Fort Worth be met 
Dr. N. D- Newell, and for 3 days, together with Dr.. Kalph 11. King, 
of llie Kansas Geological Survey, they collected in north-central 
Texfla, proceeding from there to- Marathon, Tei., where they spent a 
month collecting Permian limestone blocks containing siliclfled fos¬ 
sils. In late July Dr. Cooper met Mrs. J. H, Ben fro and her daugh¬ 
ter at Fort Worth for investigations of the Pennsylvanian rocks of 
Jack County and the Cretaceous rocks around Fort Worth, where 
they obtained niany interesting fossils. In August Dr. Cooper col¬ 
lected Dovouian and Ordovician fossils at Ardmore, Okla., and then 
continued to Ada, Okla., where he was joined by Dr. C. Lalicker^ of 
the University of Oklalioma* who guided him to numerous localities 
where free Penius}dTaniaii fossils are obtainable. At Muskogee he 
made a fine collection of l^fJssissippiau fossils, and from there made a 
short trip into sou them Kansas to collect Pennsy!vani an fossils. Thk 
is the third season that Dr. Cooper has collected m these fields, and with 
the 4 tons of blocks containing siUcified fossils collected in the Gloss 
Mountains, and many thousand specimens of Lee Penn^ivauian 
fossils obtained this year in north-central Texas and Oklahoma, the 
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Museum now lias an iinportant series of Permian and Pennsylvanian 
fossils. 

Aa die Geld expedition in Tortebrate paleontology into the Upper 
Cretaceous and Palcocene regions of Utah, under Ur, C. L. Gazin, 
associate curator, extended well into the present year, only brief men¬ 
tion was made of it in last year’s report The party succeeded in ob¬ 
taining some unusually good material of the smaller ntanunals, the most 
outstanding being die lower jaws and fragmentary parts of the skeleton 
of the rare Stylinodim, and good specimens of the larger forms such as 
ffyrachyiis and PcH^otyops, Other interesting materials are a large 
slab of turtle remains, which will make an interesting exhibition piece, 
and a small coLlectiou of Polcocene mammals from the Alma forma¬ 
tion in w'csfern Wyoming. 

Starting early in June l&t3, C. W. Gilmore, curator of vertebrate 
paleontology, led n party to explore the Oligocene rocks of eastern 
Wyoming and western Kobraska, where good progress in the discovery 
of mammalian remains hns already been reported. Mr. Gilmore had as 
assistant the experienced collector George H. Sternberg, and was ac¬ 
companied also by Alfonso Segura Peguaga, of the Museo Nacional, 
San Jos^, Costa Pica, The account of operations will be carried in 
next year’s report 

In continuation of former field work in Sfesico, Ur. W, F. Foshag, 
curator of mincralogj' and petrology, returned to that country in Feb¬ 
ruary, under a cooperative arrangement with the United States Ge¬ 
ological Survey and with the Board of Economic Warfare, to direct 
further strategic-mineral work. At the end of the fiscal year be was 
^ill in the field. 

From March IT until May 15,1942, Dr. Remington Kellogg, curator 
of mammals, with Watson M. PetTygo, scientific aid, as assistant, was 
engaged in excavating Rampart Cave, in the lower cliff-forming mem¬ 
ber of the hfiddle Canibriati Feasley limestone, on the south side of the 
lower end of the Colorado River canyon, in the Boulder Dam National 
Recreational Area, Ariz. This was a cooperative project, undertaken 
by the Smithsonian Institution and the Rational Park Service, The 
latter agency detailed Edward T. Schenk, senior geological foreman, 
Samuel D. Hendricks, assi^ant engineer, Dr. Gordon C. Baldwin, 
archeologist, Ray Poyser, boat pilot, and seven men from the Boulder 
City Civilian Conservation Corps camp for intervals of varying length 
to assist in the work. The party obtained skeletal remains of ground 
sloths, mountain goats, pumas, marmots, skunks, and several species 
of birds, lizards, and snakes. Part of the cave was left undisturbed 
as a display for viaitora, if it should seem desirable to develop it for 
that purpose at some time in the future. 
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MISCELLANEOUS 

VisUor ^.—Curtailment of travel because of the war had lev^ effect 
than fmtieipnted up™ the mimber of visitors at the various Museum 
buildirij^ Tlie total recorded during the year was 2,04S,S17j as against 
2,505,017 for the previous year. The largest attendance for a ^ngle 
month was in August with 381,^52 visitors, and the smmd largest 
was in, July 1041, with S^,927. THie attendance in the four Smith¬ 
sonian and Museum buildings was as follows: Smithsonian Biuklmg, 
375,630; Arts and Industries Buikling, 036,C25; Natural History 
Buildings 522j,0B9; Aircraft Building (closed from July to November 
6), 107,57a 

Puhlicaii<^ andprinfing .—^Thc sum of $34,750 was available duririg 
the fiscal year 1042 for tlie publication of the Annual Report, Bulletins, 
and Pj-oceedingsr. Forty-four publications were Laued—the Annua! 
Report, 3 Bulletins, 1 part, each of Bulletins TyO, 02, and 161,1 separate 
paper from volume 28 of the Contributions from Uie United States 
Njiiional Herbarium, and 36 Bopamto Proceedings pa|>cra. Titles and 
authors^ of these publications will be found iti the report on publica¬ 
tions, nppendiE 11, 

Volumes end separaks distribiikd during the yei^r to libraries, in¬ 
stitutions, and individuals throughout the world aggregated 82,545 
copies, 

Sp^ci^I —Fifteen special esliibit^F were held during the year 

under the auspices of various educational, scientific, recreational, and 
governmental groups. In addition the department of engineering 
and illdu^it^ies airanged 21 special display $—10 in graphic arts and 11 
in pliotography. 

i'HANGES IN ORGANrZATlON AND ST.AEF 

In the department of antlimpoJogy, Dr^ T, Dale Stewart succeeded 
to thecuratorshipof physical anthropology on April 1,1M2, following 
the retirement of Dr. Ale^ Hrdlicka, and Dr. Marshall T. Newman 
was appoin ted anSSoci ale cliru tor on June 22,1942. 

In the department of biology, division of birds, Herbert G. Deig- 
nan was advanced t4:> associate euro tor on February 1, 1043, and S. 
Dillon Eipiey, 3d, was appointet] assistant curator on March 13, 1942, 
In tho division of mammals, Dr. David H. Johnson was appointed 
associate curator on August 18, 1041. On February 1, 1042, Dr. 
Egbert IL Walker was reallocated to assistant curator, division of 
plaints. 

In the licpartmcnt of geology, the division of physical and ckemi- 
cttl geology (^sternatic and applied) and the division of mineralogy 
and petrology were combined iindor the title of division of minerab 
ogy and i>etrologj', with Dr. William F. Foshag as curator and Ed- 
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ward 1*. Henderson as associnte cursit^jr. The division of sti^atigmpliic 
paleontology became the division of invertebrate paleoutolog;)' and 
paleobotany^ with Dr. Charles E_ Resser as curutor and Dr* G* Arthur 
Cooper os iissociiite curator. These changes were effective June 1*!^ 
ia4a. 

On March 1, WA2y the follcnvlng members o£ tlie etaff were ad¬ 
vanced to associate curator; In the dcparttnent of antbroimlogjj 
J. E. Wcckler, Jr., and Waldo R. Wnlel; in department of bi¬ 
ology, Doi'is M* Cochran, E. E. Bbtkwelder, C. K. Shoemaker, nnJ 
Hriniid A. Eehder; in the department of geology^ C- Lewis Gazin; 
in the department of enghmerlng and iiidnstries, Paul E. Garber, 
William N, Watkins, und A. J. Ohusted. On tlie same date, B. O. 
Bebcrholt, of the division of inineralog)' and petrology, was made 
senior scientidc aid. 

On February 1,1942, Mis. Leila F. Clark was appointed librarian 
of the SmilhrtoniaJi Institution, in the position made vacant through 
the retirement of William L. Corbin, ami Elisabeth P. Hobbs was 
advanced to associate librarian on Muy 21, 3042* 

Honorary appointments wci-o conferred on W* W. 'laylor, Jr., as 
collnborator in the department of anthropology, July 1, IMI; on Dr. 
AleS HrdUc'ika, as associate in anthixjpology, April 1, 1942; and on 
Dr. Henry Pitlier, os associate in botany, September £5, 194L 

Tiio following employees ivere furloughed indefinitely for military 
service: Clyde E. BuumiHi, January 22, 1942; Stephen C- Stunts, 
March 9, 1942; Shiillic Yfmnghlmxl, May 20, 1942; and Earl W, 
Cook, May 24, 1942. 

Employees who left the service through the operation of the re¬ 
tirement act wore as follows: For age. Dr* AleS Hrdlicka, curotor, 
on Jhfarch 31, 1942, with 33 years 11 months of service; Joseph }.\ 
G ennui Her, guaixl, on December 8, 1941, with 23 years 3 nmntl^ of 
scT^dce, Through uptiomil retirement: Fred Kaske, scieutific aid, 
with 39 years 11 mnniJis of service, on May 31, 1942, and Samuel P- 
Darby, guard, with 33 year^ 7 montlis of service, uii May 31, 1942. 
Through disability retirement: William H. Stnlih, lieutenant of the 
gtuirdi tm Drceinljcr 31, 1942; Robert G. Tegeler, guard, on CXdober 
1, 1941; Thomas J. Shannon, guard, on November 14, 1941; and 
Arthur 0^ Wickert, under mechanic (elecSrkian’ls helper), on Jan¬ 
uary 31J 

Tlie horiuniry appointments of W. L. McAteo, acting custodian, 
seel ton of Hemiptertt, and of W. W* 'rnylor^ Jr., collaborator in 
anthropology, terminated on June 30, 1942. 

The Museum lost through death 3 active workers: Joseph B. Riley, 
associate curator, division of birds, on December 17, 1941; William 
H. Bray, preparatory department of anthropology, on Deeemlier 18, 
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1011; Jacob C. ^mhart, guaid^ on February ID, 1Q4£ ; and 5 bonor- 
ary members of the staff who were loDg associated with its actiTities: 
Dr. Charles Branch Wilson, honorary collaborator in copepods, divi* 
aion of marine inTertebratea, on August IS, 1941; Dr. Hugh M. Smith, 
associate in zoology, on September 28,1941 j Dr. Casey Albert Wood, 
collaborator, diTiaion of birds, on Jiinoary 2fi, 1942; Dr. C. Hart 
Mcrriam, associate in zoology, on March 19, 1942; and Dr. William 
Schaoa, honorary assistant curator of insects, on Juno 20,1942. 
BespectfuUy submitted. 

ALEZA2n>EB Wetjiore, Asgtsiant Seoreiary. 

Db, C. Q. Asdot, 

Secretary^ Smithsonian IratituPUm. 


APPENDIX 2 

REPORT ON THE NATIONAL GALLERY OF ART 


Sm: I have the honor to submit, on behalf of tha Board of Tnia- 
tees of the Natioruii Gallery of Ait, the hfth annual re[}ort of the 
Board covering its operations for the fiscal year ended June 30, 
1942. This report is being made pursuant to the provisions of the act 
of March 24, 1937 (60 Stat. 51), as amended by the public resolu¬ 
tion of April 13, 1939 (Pub. Res. No. 9, T6th Cong.). 

OBOAjnzATION ATO SfTilT 

During the fiscal year ended June 30, 1912, the Board was com¬ 
prised of tlie Chief Justice of the United States, Harlan F, Stone, 
who succeeded the Honomble Charles Evans Hughes as Chief Jus¬ 
tice and took office on July 3, 1941; the Sccretaiy of State, Cordell 
Hull; the Secretary of the Treasury, Henry Horgenthau, Jr.; and 
the Secretary of tlie Smitbsonian Institution, Dr, C. G. Abbot, ex 
officio; and five general trustees, David N. E. Bruce, Duncan Phil¬ 
lips, Ferdinand Lammot Belin, Joseph E. Widener, and Samuel H. 
Kress. 

At its annual meeting held February 9, 1943, the Board reelected 
David K. E. Bruce, President, and Ferdinand Lammot Behn, Vice 
PresideDt of the Board, to serve the ensuing year. The executive 
officers continuing in office during the year were Donald D. Shepard, 
Secretary-Trcasirrer and General Counsel; David E, Finley, Direc¬ 
tor; Harry A. McBride, Administrator; John Walter, Chief Cura¬ 
tor; and Macgill James, Assistant Director. At the annual meeting 
the Board elected Chester Dale of New York as an honorary officer 
of the Gallery, gi ving him the title of Affiociate Vice President. At 
a meeting of the Board held December 29,1941, the Board provided 
for the appointment of Otto R. Eggers and Daniel P. Higgins, con¬ 
stituting the firm of Eggars & Higgins of New York, as consultant 
architects for the National Gallery of Art. During the year, George 
T. Heckert was appointed A^stant Administrator, such appoint¬ 
ment being made po^ible because of the reclassification of his office 
by the Civil Service Commiesion. 

Also at the annual meeting the Board, purenant to Sts bylaws, con- 
etituted its three standing committees as follows; 
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UEUVriVB (XIMtHTTEE 

JimUcc <if the Uolted Siat<»^ Harlan F. Stooi^ clialnnan. 

DitTLd K. E, Brtice, Tice chairenao. 

Secretary nf tbe SmitharMilaiL lastlintloti. Dr. 0. Q. Alibet. 

Ferdinand lammot Bdin. 

DattcaD PlilUlp^ 

Win MICE. €OMlllTrE3^ 

Secretary of the Ttmnmtf, Henry SiFoTfenthanp Jr., elialnnan. 

DiiTld K. K- Bnicc, vice ehalrtiinn. 

Secretary of State, CanleU HuJI. 

Ferdinand iJiinlnot Belin. 

Samuel n. Kres?. 

Artjinainona ooMunner 

Darld Ml E. Brace, rhalrmnn. 

Ferdhiand Lumnint BeliOp T[re chalrnian. 

DDncaii Phillips, 

Joseph E. Widwer^ 

David K Finley, ex cifflclo. 

All positions wjlh the \t iili the ejEception of the esecutive 

and honorary officers, are filled from the registers of tlie United 
States Civil Service Coinmis^oo or with its approval. By Jtme 3Q, 
1D42) the permanent Civil Service staff numbered 234 employees. 
Since the opening of hostilities, 12 members of the staff had joined 
the armed forces. 

AFFBOFIIIATIONS 

For salaries and eipcnses, for the upkeep and operation of the 
Nationel Gallery of Art, the protection and care of the works of art 
acquired by the Board, and all administrative expenses incident 
thereto, as aiithoriaed by the act of March 24, J937 (50 Stat, 51), as 
amended by tlie public rcsohition of April 13, 1039 (Pub. Res. No, 9, 
76tli Cong,), the Congress appmprinted for tlie fiscal year endin« 
June 30, 1M2, the sum of ¥533,300, to cover the first full year of 
operation. From this appropriation the following expenditurBS and 
encumbrances were made; 

y,XPEtfDITOB|;S AWH EICcnMBBAilCES 

Pet^nal scrrlce?^-^__ 

and binding __ 

Soppllc® and ^ulpment, ete 

Reserve_______ 

UncDciuDbered batauee._ 


----—----i533,mOO 

ATTEKDAyCB 

Tlie total attendance for die first year during which the National 
GaUery was open was 24)05,328, a daily average of over 54 SOO visitors. 


---S35a.S!a22 

- 0 . 830.70 

- 138 , 087.18 

- sAtmoo 

--- 3.888.00 
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X unique record for museum attendance wm established on July 
1041, when Ui« om millionth visitor entered the Gallery, less than 4 
months after its dedication. The Gallery is open to the public each 
week day of the year between Uie hours of 10 a. m. and 5 p. m,, except 
for Christmas and New Yearns Day, and on Sundays from 2 until 
5 p. m« 

On June 7, the Gallery inau^rated an ex|>erimental series 
of Sunday evening upeniiiggj primarily for the benefit of men in iho 
armed fotves and war worker in the city. The exhibition galleries 
were open fmm 2 to 10 p. ni., and orciiestral concerts during the 
summer months were given, through the gene mi tj of Chci^er Dale^ 
from 7:15 to closing time. Special lectures with color slides were 
given by the Gallery staff at 7:30 and 8:30 in the lecture halU and 
the cafeteria in the Galiei'y building was open from 4 to 8. Each 
Sunday evening from 50 to 75 servioe inen were invited by members 
of the staff and by friends of tlie Gallery to supper in the cafeteria. 
On Sundays the attendance frequently exceeded 8,000; and, m view 
of the popularity of the Sunday evening np^ming?^, it was decided 
to continue the arran^ment indefinitely. 

Tlirough the generosity of Mrs, Matthew' John Whitlalh the Gal¬ 
lery presented in the lectui-o hall un the ground floor, a concert by 
the Budapest String Quartet on Sunday afternoon, May 31, 1912. 
This concert had been planned for men in the Service and their 
friends, the program lasting approximately 1 hour. 

rUllLTCA'riOMS 

In the information rooms in the Gallery building, a general in¬ 
formation booklet is given without charge to visitors on request. It 
contains a sliort survey of tlio collections and mforamtion which has 
been found to be of gi^eat nssi^ftnnee to visitors to the Galkry. Also 
available, are catalogs of the paintings and seulpturc^ a complete bock 
of illustrations of all tlie works of art in the GalleryV collection, color 
reproductions, and postcards In color and black and white, all made 
available through the Publications Fund* These publications are on 
sale at moderate cost. 

AUr-OAlD VJfCTECTtON 

Imtiicdlately follow'ing the outbreak of hostilities on Decernber 7, 
1941, the Jfutional Gallery building was blacked out nightly. The 
staff was organized into five air-raid services: Fire, police (includ¬ 
ing morale), health (first aid), maintenance, and evacuation^ Drills 
were ^?tartod and repealed frequently in order that the imits might 
operate smoothly in tlie event of tm actual air raid. Drills that were 
held in coordination with the District of Columbia authorities, when 
visitors were in the building, evidenced the measure of efficiency 
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which had bfieti reached by the protective oiganizatioR in the Gallery. 
Purchases of air-raid protection equipment wet© also made as 
promptly as possible and to the extent permitted by the great de¬ 
mand for such equipment. 

&KMOVAI. OF WO^KS OF ABT TO A FULO^ OF SAFEKEEPrSTG 

At 0- Special held December 20, IMl, the Board approved 

t^e recommendations of the eiecutive officers of the Gallery that a 
limited number of the most fragile and irreplaceahle works of art 
in the national collection be remox'od to a place of greater safety, in 
view of the responsibility which rests with tbe Tmstees for safe¬ 
guarding the collection. Early in January, therefore, the paintings 
and sculpture to be evacuated were removed from eahibition and 
shipped under guard to the place of safety which had bean deter¬ 
mined upon and adapted for the purpose. All of the works of art 
arrived in excellent condition. While thus in storage, they are under 
constant guard by members of the National GaUeiy guard force and 
under supervision and inspection by a member of the curatorial staff 
of the Gallery. 

Beyond this partial evacuation, however, it was the expre^ed be¬ 
lief of the Trustees that the Gallery baa a duty to the public (as a 
unit of the Government establishment), and an obligation as a source 
of recreation and education to continue its activities, and even in¬ 
crease them, as far as practkiibla, in wartime. 

AOCiinsTnoNB 
OTTTS or FBI?CT 3 

On February 9, 1942, the Board of Trustees accepted from P hili p 
Hofer a woodcut, “Saint Sebastiiin,” by Hans Baldung {Grien), to 
be added to his earlier gift of prints which was included in last 
year’s Annual Eeport; and again on April 27,1942, the Board ac¬ 
cepted a gift of BS prints from Hiss Eli gnl ^t h Achelia, 

onm OF paitchkgs Amj bcfuthek 

On September 8, 1941, the Board of Trustees accepted from Mr 
and Mrs. Peter H. B- Frelmghuysen the gift of two paintings by 
Goya: 

portrait of Dona Bartulome Sarc^ 

Portrait of Dona lOioBa Snreda 

both given in memory of Mra. Frelinghuysen’s mother and father, 
^ Havemeyer. These paintings are now on 

exhibition. 

On Februaiy 9, 1942, the Board of Trustees accepted from Dun¬ 
can Phillips, a Trustee of the Gallery, the gift of a portrait of 
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former Chief Justice Hug^hes, first Charniutti of the Board, painted 
by Augustus Tincent Tack, trlvich has been hung in tho Board Boom. 

On February 9,194S, the Board accepted from Mrs. Balpli Har¬ 
man Booth, the gift of tile following pieces of sculpture, giren in 
mcmoiy of her husband; 

Greek (foartb centorf B, G.)_ —_ __ _ Heail of a Ynotti. 

SUddle Rlienlab School__ _ _ HeTa. 

?tottlri£hatn SeboeL^_ -_ _____ _ PalotwJ alabBstcr, Christ 

supported by ao AojeL 

On April 37,1943, the Board of Trustees accepted from Afr. and 
Mrs. George W, Davison the gift of a portrait of George Washing¬ 
ton by Bembrandt Peale. 

Also, on April S7, 1943, the Board accepted from Mrs. Gordon 
Dexter the gift of two paintings by John Singleton Copley: 

Red Cross Enlgbt 

Fortralt of Sir Robert Grahiun 

The paintings have been received and are now on exliibition. 

On April 37,1943, the Board accepted from Mrs, Jolm W, Simpson 
the gift of a group of paintings, drawings, and sculpture. Included 
in the gift are two paintings, one entitlefl “Soap Bubbles," by Jean- 
Baptiste-Simeon Chardin, and the other, “The Binning Children," 
by Sir Henry Baebum, the latter presented in memory of the late 
John Woodruff Simpson. The 11 drawings and 13 pieces of sculpture 
hy Auguste Rodin constitute a imique collection acquired by the 
donor some 40 years ago directly from the artist. The Clodion terra¬ 
cotta plaque also sensed as a model for the decoration of one of tile 
monumental urns by Clodion now in the Gallery, 

S.\IJe! OB EXCHANGE OF WOBES Of AITT 

During the year no works of art belonging to the Gallery were sold 
or exchanged. 

LOAN OF WORKS or ART TO Tin: flALLEBT 

During the year the foUowlng works of art were received on loan: 

From Copley Amory of Washington, D, C.^ 

AriUt SuiSeel 

Jatm SEni^i^on Coplej_ _ _ _ Hie Cftpley Pftmily 

Do- - - - --Self-portrait 

Do - - - - - - - Portrait of ETlMbeth Oopley 

llenfy Wtlllau PIckez^MI_Portrait oC Jnlm Copl^i Jr 

John SlOfletoQ Coplej" _____ TLed cnijoD drawing of A liand 

From Chester Dale, of New York, 120 important paintings of the 
French nineteenth-century school and other schools of painting, to¬ 
gether with 31 French drawings. 
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Through the French Government from museums and private coF 
lectors in Europe, 154 paintings of the French school of the Into 
eighteenth and nineteenth centuries* In ncldition, this loan has been 
supplemented by 101 French drawings winch have not yet been placed 
on Okhibition. 

From the heirs of the late Eight Reverend William Lawrence a por¬ 
trait of thoir ancestor, An^os Lawrence, by Chester Harding* 

From the H. Wliittcmore Co., of Naugatuck^ Conu.^ 24 French 
and American patrilings from the Harris Whittemore collection. The 
following paintings from the collection have been placed on exhi¬ 
bition i 


KJfSnr ru'j^ns—-- --- 

Aairofite Botkiiir^ _____ _ _ 

Ho ___ 

X A. McN. WhlBtler ___ 


___—. The Heheari!^l 

____ Nudo Jn I^iidsaipe 

-- Girl vfUh n Cat 

- - The White GirJ 


- ------ The Sen 

----- -- -L'AhfiD I nsienne 


mA^■ or wohES or art llE^rua3^ES> 

During the year the following works of art which had hern placed 
on loan at the Gallery were returned: 

To Duncan Phillips, a Trustee of the Gallery, two paintings previ¬ 
ously loaned by him i 

AiltKr Stibif.et 

ConjlUe Cernl-----The Dairy P'nrm 

Otifltikve Courbet--,-^ Itecks at Qraao^, After^bw 

JjOak or \vo»E 9 Or aht ut i'he flAijj:RT 


During the year no works of art, Uilongitig to the Gallery, were 
placed on loan. 


EJEUtniTlOKS 


The following exhibitions were lidd at the Natiomil Gnllery during 
the last year: 

An exhibition, entitled “Tho Great Fire of London, IDtO ” of lOT 
paintings and drawings of wartime London by artists serving in 
the London Auxiliary Fire Service, was shown in the Gallery from 
July 18 through August 10,1041, Sponsored Ity the BritiEli Govern¬ 
ment under the auspices of the British Library of Information, this 
exhibition—selected by Sir Kenneth Clark, Director of the National 
Gallery, London; Sir Walter W. Russell, R. A., Keeper of tile Kcyal 
Academy; and J. B. Mnson, former Curator of tho Tate Gallery, 
London—after the completion of its 6rst showing in the United States 
at the National Gallery, toured the United Stotca and Canada, 
Seventy paintings and drawings, and sculpture, representing the 
art of Australia from 1788 to 1&41, were placed on exhibition at the 
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Gallery from Octoljcr 3 to 2t>j IMI. These works of art^ the first 
comprehensive eshibition of Anstralien art to be shown in the United 
States, were sent, under the auspices of the Carnegie Corporation 
of New York, by the Common wealth of Australia- 

Architectural drawings of the Xational Gullery builiiing^ to¬ 
gether with progress photographs and a model of the esterior of the 
building, allowing the development of the building from the first 
sketch to the final drawings, were loaned by Eggei's & Higgins, the 
architects, for exhibition at the Gallery from December 18, 1941, to 
iJaTiniiry 28* 1942, The A* W* Mellon Educatioiml and Charitable 
Trust, to augment the exhibition, loaned a niimlwr of renderings and 
photographs of tlie progresjr of the building from their own records. 

Two groups of Amerieati w^ater colors, drawings and prints— 
“American Artists^ Kccord of War and Defetiso” and “Soldiers of 
Production*^—were shown nt the Xatioual Gallori"; the former from 
February 7 to March 8, 1941^ and the latter from March 17 to April 
15, 1942* The water colors in the first group had been submitted 
in national competition, for pictures I'econling war and defense activ¬ 
ities, conducted by the Section of Fine Arts for the Oifica for 
Emergency Management, and most of them were parchasecl by the 
United States Government after selection b}' the appointed jury* 
Those in the second group were water colors and drawings by eight 
artists appointed mi recommendation of the Section of Fine Arts by 
the Office for Emergency Management and wlio^ through the courtesy 
of the War and Xavy Departments, were permitted to make drawings 
and paintings of what known as restricted material. 

The Citisjcns Commiltce for the Army anci Navy, Inc., exhibited 
at the Gallery for a period of approximately 2 weeks, beginning 
April 8, 1D42* three triplydis by contemporary artists, which had 
been selected by the Committee for later presentation to the Chapel 
at Arlington Cemetery, Va. 

An exhibition of paintings, postal’s, water colei's, and prints, show¬ 
ing activities of the American Bed Cross, wera exhibited from May 2 
to 30, liHS, These paintings were submitted in a national competi¬ 
tion conducted for the American Red Cross by the Section of Fine 
Arts, Public Buildings Adminisii-ation, Federal Works Agency* Tlio 
exhibition included the paintings which were purchased for tlio Red 
CrossS on advico of a jury, together with a group of olbcr pictures 
also recommended by the jury for exhihltjon. 

An exhibition of 11 portrait biistg of the Presidents of the Repub¬ 
lics of South America, by the American sculptor, Jo Davitbron, ^vas 
hold in the west garden court at the Xatioual Gallery of Art, begin¬ 
ning Saturday afternoon, June 27, and continuing for about a 
month. These busts were commissioned by the Office of the Co- 

EaiiSl—IS-4 



36 ANNTJAL REPORT EMPTHSONIAN INSTITUTION, 1042 

ordmator of Inter-Atnorkim Affairs and 'nill be presented to the 
GoTeramenta of the South AmericaQ Republics by the Department 
of State of the United States of America. Portrait busts in bronze, 
also by Jo Davidson, of President Frontlb, Delano Boosovelt and 
Vice President Henry A. WaUsce, were shoim at tins time. 

CTHATOEEAL DJlTAItTMraT:' 

The curatorial work for the year consisted in the rearrangHraent 
of the permanent collection necesritated by iidditional gifts and by 
Tarious precautions that were required by the outbreaJe of the war 5 
in the installation of IT temporary exhibitiona; in various lectures 
on the collection and related fields in conjunction with tho work of 
the educational departmeut; and in further cataloging of the paint- 
itjgs and senlpture. During tho j'ear the preliminary Catalog of 
the Permanent Collection and the Book of Illustrations were brought 
up to date and reprinted 5 two catalogs containing a historical sur¬ 
vey, notes, and bibliography of tlie French paintings loaned from 
the Cheater Dale collection were compiled, and a new general in¬ 
formation pamphlet was prepared. 

In the course of the year, 209 works of art were submitted to tho 
acquisitionB committee with written recommendations regarding 
their acceptability for the collection of the National Gallery of Art; 
40 private collections were visited in Washington and other cities 
in connection with offers to the Gallery of gifts or loans; 152 works 
of art wore brought to the Gallery and submitted to the staff for 
expert opinion; and 44 letters were written in answer to inquiries 
involving research in the history of art> 

HEsreKATiON AKo BErAut OF WORKS OF Airr 

During the year, as authorined by the Board and with the approval 
of the Director and Cliief Curator, Stephen Pichetto, consultant re¬ 
storer to the Gallery, has undertaken such restoration and repair of 
paintings and sculpture in the collection as has been found to be 
necessary. All of this work was carried on in the restorer’s rooms 
in the Gallery except in three cases, once when unusually delicate 
and complicated restoration was required, and twice when the pic¬ 
tures had to bei relincd to prevent damage in shipment from New 
York. ThcBe three paintings were restored in Mr. Pichetto’s Etndios 
in New York. 

mUCATlOKAL FROOHAU 

As indicated in the following summary, public response to the 
program of educational activities of the Galleiy has constantly in¬ 
creased month by month until tlio total attendance recorded for 
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JiiiiGj 104S more than doubted that iworded for July, 1941 

{2,882). 

A basic part of the Galleryeducational program hna been the 
giilloiy tours of the co] lection ^ conducted twice daily^ except on 
Sttlurttey and Sunday, which have attracted 18,935 visitoTs, In ad- 
dition to these toiira there has been a seriea of special lechiTBs: a 
special program of 34 lectures, beginning m October and contin^ 
uing through April, presented a special lecture each Saturday after¬ 
noon in the lecture hall, which persons attended, and tlie in- 
iinaate '^gallery talks^’ and other lectures presented In the auditorium, 
dealing with a apecldc school or works of art, at^^ted a combined 
total of 17,752. 

The educational department feeling the need for a shcprt noontime 
feature, in view of the mcrcased number of visitors from nearby 
Government buildings during this time, inaugurated on January 2, 
1942, the ^picture of the Week,” a 15-miiiute talk given twic^j each 
day and one© on Sunday, which in turn attracted 74H7 people, in¬ 
dicating that this educational feature of the program was one of 
the most popular. 

In addition, members of the educational department staff have 
conducted private and group conferences, totaling 3»0G5 individuals, 
of which TOO were members of the armed forces for whom special 
tour© wei© ainanged on Saturday afternoon, beginniog in December 
1941. 

UnOABT 

A total of 242 books and 1,087 pamphlets and periodicals were 
presented to the Gallery; 962 books and catalogs were acquired 
through exchange; 37 books and catalogs were purchased; and 20 
books were received on indefinite loom 

PHOTOORAFHia OEPAItmENT 

Prints totaling 6,094, 1,187 black and white slides, and 709 color 
slides have been made by the pbotograpbio laboratory. The prints 
have been placed on file in the Library where they aru for sale and 
for the use of the Gallery staff. The slide©, together with an addi¬ 
tional 420 which were purchased during the year, have been made 
available for the staff in connection with the public lectures given at 
the Gallery, and have likewise been lent to lecturers outside the 
Xational Galleiy and to other galleries. 

THE oALnEirv umtuiifG 

During the fiscal year, certain alterations and improvements hav© 
been made in the building upon tlio recomincndation of the com¬ 
mittee on the building, among which may be mentioned the construe- 
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tion of snow steps for the Mall entrance, the redecomtion of gallery 
rooms for the exhibition of the Chester Dale collection, and addi¬ 
tional air conditioning in the Hnoldng room and the in formation 
rooms on the main and ground floors, Tlie National Gallery Cafeteria 
has become so popular that it is somewhat congested during certain 
hours of the day- It became evident that some acoustical treatment 
of the ceiling should be undertaken, and this work, resulting in 
great improvement in the noise condition in the eufeteiia, was com^ 
pkted with funds supplied by Ttie A* W, Jldlon Educational and 
Charitable Trust. It was also recomtuended that a revolving door 
be installed to replace one of the heavy bronze dooi^ at the Constitu¬ 
tion Avenue entrance. Although funds were made available it was 
not possible to proceed with this improvement because the materiala 
r^uired were restricted by priority rulings^ 

OTHEa Qirre 

During the year there were gifts to the Gallery of furnishings, 
equipment, ornamental trees and plants, prints, films, and color 
slides; also cei'tain expenses were paid by others on behalf uf the 
Gallery, tlie donors being David K. E. Bruce, Frederick T, Bon¬ 
ham, William R. Coe, David E. Finley, Samuel H. Kress, Donald 
D. Shepard, Percy Sp Strauss, Mr. and Mrs. J, L. McGrew, Mrs. 
Matthew' John WliitUlU Coordinator of Inter-American AfTairs, 
Propagating Gardens of the Department of the Interior, American 
Red Cross-, and The A. W, Mellon Educational and Charitable 
Trust- Gifts of moneys wore made to the Gallery during the year 
by Paul afcllon, Chester Dale, Howard J* Heini, Jr., and The A. W. 
Mellon Educational and Clmriluble Tru.st* 

ATJniT OF PJnVATO FUNDS OF TJIl^ UAlJ£RY 

An audit has been made of the private funds of the Gallery for 
the year ended June 30, 1942, by Price, Waterhouse ^ Co,, a nation¬ 
ally known firm of public accountants, and the certificate of that 
company on its examination of the accounting records maintained 
for such funds has been submitted to the Gallery, 

Hespectfully submitted. 

Davjd K. E, Bhuce, Fr^sideni. 

Dr* C* G. Anror, 

Secretary^ iSmiths&m/m InJsHtuiiim, 


APPENDIX 3 


REPORT OF THE NATIONAL COLLECTION 
OF FINE ARTS 

Sist I hnva the honor to submit the foUowing report on the ac¬ 
tivities of the National Collection of Fine Arts for the fiscal jear 
ended June 

After Pearl Harbor iJ^lans were made for the protection of the 
works of art in the National Collection of Fine Arts. Tlie center 
portion of tiio wiill behind tlio lari^e painting ^Diana of the Tides^^ 
by John El Hole was strengthened sufliciently to resist bomb frag¬ 
ments. Protection against damage from InoomJiary bombs has been 
provided, but means have not yet been devisetl to prevent such 
bombs from reaching the ground flc>r»rs where the exhibits are shown, 
plane for packing and shipping paintings for evacuation have been 
madCf and the miniatures and part of the Gellatly collection are to 
be moved to the ground-fioor lobby, where they would be protected 
against incendiary bombs. 

Several proffered gifts of painting^?, furniture, miniatures, and 
vases have been deposited here to be passed upon by the Smitlisonian 
Art Commission in December 1942. 

Eight special exhibitions were held in the foyer, including three 
under the sponsorship of the Pan American Union and the Ministers 
of the various countries, involving the installation of 43B Fpecimens. 
Nine special Graphic Arts exhibits w^ere shown in the lobby. 

From July 10 to 27, 1941, the Acting Director visited galleries and 
private collections between Washington and Boston for the purpose 
of studying various coltections of American nfiniatures. 

An illustrated lecture on the Nadonctl Collection of Fine Arts was 
pven by the Acting Director before the Chevy Cliose Women's Club 
on November 11,1941. 

A painting, ‘‘The First Beading of the Emancipation Procla¬ 
mation,” by Francis B- Carpenter, 0 feet x 14 feet 6 inches;, was 
cleaned and restored at the United States CHpitoh 

AprfiopiiiATiONa 

For the administration of the National Collection of Fine Arts 
by the Smithsonian Institution, including compensation of necessary 
employees, purchase of boots of reference and periodicals, traveling 
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expenses^ uniforins for guards, and necfissary incidental espenses^ 
$29,880.14 was appropriated, of which over $18,000 was expended 
for the care and maintenance of the Freer GaDery of Art, a unit 
of the National Collection of Fine Arts. Tlie balance was spent for 
the car^ and upkeep of the National Collection of Fine Arts, nearly 
all of this Sinn being required for the payment of salaries, traTeling 
espenses, purchase of books and periodicals, and necessary disburse¬ 
ments for the care of the collection* 

THE S1IIT1I50^^:AN j!\BT COMJltlSSlOK 

The twenty-first nnntial meeting of the Smithsonian Art Com¬ 
mission was held on December £, 1941. Tlie members met at 10:30 a* m* 
in the Natural History Building, where, as the advisory committee 
on. the acceptance of works of art which had been submitted during 
the year, they accepted the followbg: 

on paint iof?. “Ponmit of My Wife," by Lonla Ectta, N- A. Gift of Mra. Loola 
CS^ra Syaioofi Betts). 

on palDtlD^, “"Stable Interior, Hor^ and Groom.^* by John F. Herring (17B5- 
JSeS)* Gift oMobn E, Lod|:e, 

On pnintlng, ""E^jrtralt of IJeuL Geo. Henry Clotk Oorblii 034^1900),” by 
Adolpb MulIer'Gry (l^SS- Gift of Mra, Heniy Clark OorhIiL 

OU paloUiMt. **Th& Other Sborc,*^ by Hubert Spencer, K A. (137U-J531), ae- 
slgnfHl to the Newark MiiAemn AsaocIflUon, Newark, N. J., on FebraiLry 2, 1925, 
by the Council of the National Academy of I>efllan, which was withdrawn and 
daimed In accnrdnnee with the proTlalcin In the EaDger Beqoe^t. 

Three miniature^ water color oa ivory, "Portrait of S. N-^” by Jean FmU' 
cols de In Valle (fl. j “Portrait of Mm. Elves,'* attributed to Bone, 

and "Portrait of Ira Allen < 1751-1314copy of a miniature la the Univeralty 
of Vermont, by an nnbpown artl>it. Gift of Mt*- Nonin H. Green, 

Miniature, water c?objr on ivory, “PortralL of AltB. Bertha E. Jaynes (ISC^ 
1041),'^ by Nelly McKenzie TolmEUL Begueat of Mrs. Bertha ‘K JagEien 

Miniature, wo ter oiSor on paper, “'Portrait of Ruben* Pcale by 

Riipbag] Peale (1774-1320), unfrawd. Gift of Dr Edwin Kirk. 

Thirtyprints by 3B membeni of the Chicago Society of Etchera^ to bo 
added to tbe Cblcago Society of Etcbeis coUectloru Gift of the Chlengo Society 
of Etehem 

Drypolut, ^For All the World^'“ by TL IL Palen^ {IS&i- }, to be added 
to the Chicago Society of Etchete collect Ion. Gift of the artlHt, 

One Japanese Sblppo vase and stand. Gift of Dt. and Mra, H. Foster Batn. 

The members then proceeded to the regents^ room in the Smith- 
sonlan Building for the further proceedings, the meeting being caUed 
to order by tlie chairman, Mr* Boric* 

The members pre^nt w ere: Charles h. Borio, Jr., chairman | Frank 
Jewefct Mather, Jr., vice chairman; Dr. Charles G. Abbot (ex oScio), 
.^secretary; and Herbert Adams, Gifford Beal, David E. Finley, James 
E* Fraser, John E. Lodge, Paul Manship, Edward W. Eedfield, and 
Mahonri M. Young, Ruel P* Tohnnn, curator of the division of 
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grapbio in tha United States Ifatlonti] Museum and acting direc¬ 
tor of the National Collection of Fine Arts, was also present, 

Threa persons were nominated to succeed the late CoL George B, 
McClellan^ and the secretary was directed to correspond with them in 
the order they were nominated to e^rtain their willingness to sen'e 
m a member of the Commission. 

The Commission recommended to the Board of Kegents the re- 
election of Mahonri iL Young, Charles L. Borie, Jr., Frederick P, 
Keppel, and the nommee selected to fill Colonel McClellands place. 

The following officers were reelected for the ensuing year: Charles 
L Borie^ Jr., chairman^ Frank Jewett Matlicr^ Jr., vice chairman, 
and Dr. Carles G. Abbot, secretary'. 

The following were reelected members of the o^cecutive cx>mmittee 
for the ensuing year: Herbert Adams, Gilmore D. Clark, Jolm E. 
Lodge, Charles L. Boris, Jr, (e^ officio), and Dr. Charles G. Abbot 
(ex ofi^io). 

The chairman brought to the attention of the Commission tha 
matter of the proposed prohibition of the nso of sculptural bronze 
for castings and, after discussion, resolutions were approved to be 
sent to the Office of Production Management. 

THE OATHUaUfE WAt43EN MUER rO'D 

Three miniatures, water color on ivory, were acquired from the 
fund e^abllshed through the bequest of the late Catherine Walden 
Myer, as follows [ 

25. "rortroit ef 0* D./’ bj an unfcnowti artist; from StLcrimm ReJnej* Kew 
Haren^ Cauti. 

2G. '^PonxaU of a aa unknown artist; from Shemmn Eellley^ New 

Muveu, Conn. 

27- ^Mr. NIclio].” by John WmScj^ Jarrla (17fiO-1840)p sSimea “Jorvla ISOO 
N York^; froin Mrs. Dom Ourtis, New York Otj. 

LO^NS AOCTrmD 

Two miniatures, water color on ivory, ^‘^Eoswell Shnrtleff (1773- 
1861)” and ^Anna Pops Shurtleff (1812-1831)/^ dnnghter of Roswell 
Shurtletir, by unknown artists, were lent by Mrs^ 0. A. Meclilin, 
through Miss Leila Mechlin. 

One miniature, water color on ivoty, **Captain Frederick Augustus 
Smith, U. S. A. (1812-?)/^ by Caroline Dorcas (Smith) MLiidoeli, 
was lent by Mins lUila Mechlin. 

One miniature, water color on ivory, ^Portrait of a Boy,™ by 
Joseph Wood (ab. lTSO-1830), was lent by Miss Sarah Lee, 

An oil painting, “The Bight Honorable Winston Cburchill,™ by 
Hal Denton, presented to the President of tlie United States by the 
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Mayor and the Council of Vancouver, British Columbia, Canada, 
was lent by the President of the United States, Franklin D- Boosevelt, 

doakb to omEa ainsEuais anh oaa animations 

An oil painting, ‘^Tlie Visit of the Miatress,’' by Winslow Homer, 
was lent to tlie Howard University Gallery of Art to bo included in 
an exhibition of “Paintings Showing Xegroea in America” from 
March 2 through April 12, 1M2. (Beturn^ April IT, 1042.) 

WmiUJlAWAlJ} BT OWNEUS 

Ad oil painting, “Portrait of Mr. Justice Brandeis,” by Joseph 
Teppor, was with ill's wn oil the order of Paul A, Freund and re¬ 
turned to Joseph Tepper, the owner, on November 3, 1&41. 

An oil painting, “Poiti'ait of Lady Evelyn Cook,” by John Hopp- 
ncr, R. A., was withdrawn by Thointis Davis T^ce, administrator of 
the estate of Mrs. Arthur Lee, on February 13,1^2, 

Three oil paintings, “Poi'iraitof a Boy,” by John Hoppner, K. A.; 
“Portrait of a Girl,” by John Opie, R. A.; and “Study of Ruins,” by 
Richard Wilson, R. A., wei'e withdrawn fiom the collection lent 
by the estate of Henry Cleveland Perkins by the owner. Miss Rutli 
Perkins, on March 12,1P<12. 

Two miniatured, water color on ivory, ‘Virginia Casterton” and 
“Mme. Tamakai Miuia,” by likla Nemoede Casterton, were withdrawn 
by the owner, Mrs. Casterton, on Iblay 2G, 1M2. 

ixiAKfl UEmcNin 

Three jiieces of sculptuio by Edward Kemeys, “Fighting Panther 
and Deer” {bronze), “Bronze WolP* {No. 3), and “Bronze Wolf” 
(No. 4), lent with the consent of their owner, Willinm Kemeys; 
“Grizzly Bear” (plaster No. 28), the property of the Smithsonian 
Institution, and a bine Sevres vase (Pell Collection No. 371), with 
a wooden base, lent to the Procurement Divi^on of the United 
States Treasury on May 2, 193S, to be placed in the Ifeception 
Room, Union Station, were returned Decem^r 18,1941. 

TIJS NATIONAI, COU^CTION OF FINE AETU IteFEBEKCB UllllABY 

Because of the transfer of tlie librarian, Mrs. Lucile T, Barrett, to 
Mobile, Ala., in February 1942 there is no report of details available, 
as a new librarian has not been appointed. 
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SPECtAli E^limlTlOKS 

The following exhibitions wore hold: 

August 1 tkrofigh Sept^mier 30^ 10 ^^—Exliibition of 92 miniatures 
lent by Count and Countess Bohilan ds Castellanc, of Washington, 
D. C. 

Decemicr 5 through Sl^ W4I .—Exhibition of 23 oiis and £0 water 
colors by Roy M. Mason, If* A., of Woodchuck Hollow, Batayia, N, T* 
7 tkrimgh 32^ —Exhibition of 26 oils and 3B prints 

and drawings, by Antonio Rodriguez Luna, of Mexico^ sponsored by 
the Mexican Ambassador and the Pan American Union^ 

Jonuarg 26 l/irough M^h J, —Exhibition of 54 pieces of jade 

lent by Georges Estoppey, of Newart, N. J, 

Fehru/irg S through 1943 .—Exhibition of 20 paintings on metal 

and 4 prints by Buell Mullen of Lake Forest, III. 

Aprils through BS, 1943 .—Exhibition of 80 oils, 36 water colors and 
5 prints by nicmbera of the Landscape Club of Washington, D, C- 

d/rty 1£ through SSf JP43 ^—Exhibition of 15 plaster busts by Marina 
Nunez del Piado of Bolivia, sponsored by the Bolivian Minister and 
the Pan American Union. 

June 2 through 38y 2943 .—^Exhibition of 17 oil paintings and 8T 
pencil drawings, Hthograplis, and water colors, by Ignacio Aguirre, 
of Mexico, sponsored by the Mexican Ambassador and the Pun Amer¬ 
ican Union. 

PUnUGATIONE! 

TlUiiibiA!*, IL l\ Eeihirt on tlie ^^atlDDiil Col lect ton of Fiue Arts for tbe t eniied 
Jane 30. Iftll. Appendix 3, Report of the Secretnry of Uio Smltlisnnlaa 
laEtltutlon for the j*«ir emlea June 30« ItMlp pp. 4 T-h50. 

[.ODGE, J. E. Itepcirt on the Freer Galtery of Art for the year ended June 30, 
l&IL Appendix 4^ Report of the SeerctHry of I he SmlthsonEaa InstltiiUon 
for the yenr ended June 30, l&H, pfX ril-’CTk 

Ecsjied fully submitted. 

B. P. Tol^ian, ActtTig Director, 

Dr. C. G. Abbot, 

JSecretorp^ JSmUhsonion InsHtutim. 


APPEimiX 4 


BEPOET OS' THE FREER GALLERY OF ART 

Sm: I haTfl the honor to submit tlie t^enty-eccond annual report 
oa tlia Freer Gallery of Art for the year ended June 30^ 1942* 

THE COLLECmONa 

Additions to the collections by purchase are ns follows: 

mtABH 

42^ Persian, dated 1127 (A, D* 1T15). AlELde by 'Abd-al'A'lniimib. Astrty 
Inbe. A northem Inatniiumt at ted witb a and bundte for 

suapcDBlon, A rete or three se^iiartlte tablets^ an alidade 

eqalpt^ witli sights, a pla and a bolt. ImterlpUnim^ tncludlpf slgua- 
tunc, In noj^i serLpt Diameter : 0-120^ 

41.10 SrrLwj IDamnaciUS?)^ mld-Mitrteentb cenhiryi scbooL A can¬ 

teen with Q pit in one aide and a BtreJner in the neck. The outer 
aarfnces are decorated with designs of both Clirlstlao and iBlamJe 
origlo executed in silver tnla?^ and Lnclode In^lpttons written In 
KnSc and ta nas^F scripts. Height: 0,447; diameter: depth: 

0^3. 

41.». Ohlneac, late Chou dyiinaty, drea 500-^ B. CL A large hell, with two 
confronted bird forms on the top. Decoratlnti In flight relief^ dctaLIs 
Indsed. Cray-green patinntlon, 0,503 x 0,470 over all. 

42.1. Chinese, early Chou dynasty, twelfth^loreuth centory B. C. A eera- 
tnonlal resiiel of ibe type Aao. with a eoter in the form of a humnu 
lace with honiE. Datlnattonj outside, gray grem with spitrBe mala¬ 
chite iDcroatatlons: InsSdo, gray, gray greai, malachite, cuprite, 
nxo rite, and cal eareoixB deposit 15.152 x €.210 over aU, t H lustrated.) 

JAOE 

42.0l Chinese, early Chon dynasty or parller. A pointed Implement for 
loosenlDg knots: pierced for snspeuHlonH Somewhat trniislnrent pale 
gTAy-Ercen nephrite with pale tan mottlbg. The handle carved la 
slIhouoltE and cotmtersank linear relief to repreient & long-hnired 
baman dgore seen In profile. I^gth: €,108 over alL 

ua:cu8CSIpt 

421J-42.A Arable, thirteenth centnry. Two leaves from a Qur^An. The text Is 
written In nai^i script, which Is drawn la black oatllne and fiUed 
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PLATE 1 



COVER 42.1 



42.1 

A RECENT ADDITION TO THE COLLECTION OF THE FSEEft SALtEAV OF ABT, 


RrfUtfi. mi Append nl 


PMiT£ 2 



42.2 

RECCMT AoDITKDnS TQ Tme COLLECT (OM 


OF THE FfliEER CALLERV OF AflT^ 
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42.10. 

42.?. 

42,11- 

42-12 

4Z2 

41,12 

42,0. 

41.11. 

422 


in isStii g!old; vowels a&tl ortlingfapMeal sJcns In bJne fit»d {!>c- 
casloiml) nedi lllaniJnfited verse^topa and ottmin&Dtt 

Paper lea res: 0.435 X OJi^H 

rAllCTINa 

Amble (^*o^tllon| A. I>. 1310, AulLOil. An IRuslrutron 

from A of oI-Jamrl'A trt'ntlse OD HDroinnta^ JS:^^da jf rna^oj^/af 
tlie face of th^, water dock cftHed '“Hie €lix^ 
of Uie Dnumner* PiilnEod in luil color and gold: tart In black 
script, t^apor leaf: 0J03 x 0.213. (One aC a set- SOTL-n 

4210.) 

Gtloese. Ming dymisij^, Uy Ki Yilan-la (1503^1344). Six dower sprays. 
Ink on [taper. Seven luscrlptiuna, 10 fteali Slgsatnre. Stabimoao- 
02Ca X 

Ferslnn, tblrteenth-frtcrteenth contiirj. Two lenvis from a Sk^hnAmah 
with illnstratiEina painted La color and alight gold ns follows; 

42.11. RoBtam roafronting the TUmnlau, PllBam: horsemen on a 
red ground, 0.000 x 0.240. 

42.12 Sal ^Eisraw crossing the water of Zlrlh. 0.133 x a24L 
Te*t in a ddlcste mis^i script. Paper leaves (irlmined) : OJ3T0 x 
0,303 ; 0,370 X 0.30L 

Persian, ilongol (Tb^^n) period, foartcentl] century. Tnbrlx »clii>oL 
An lUnstratiOQ from a ^hmnfirnah^^ Shdli KDablrwfin bestows larger 
upon his minister Buxnrjoilhr. Painted In full color and gold. Text 
Id block fiax£At script, titles Jn gold on bine and red fronnds. Paper 
leaf: 0,412 x 0.295 ; painting: ai8a j 0.10^ (One ef a set ; 2S.S, 30.73, 
^-70, 35423, 35^ 3a3, 422) {Illustrated. J 

Pi/Ermr 

Arabic {EgyptHcnLls-elevetiLh century (T). E^Llmld petiud. A largo, 
wlde-rimmed dish; bold foot-ring (broken^ repaired andp ta places, 
restored). Body of soft, white day, covered with an opaque creaM- 
whits glaxe, Hceoriilion pnintci;l Ln goJtl luster with Iridescent rallK^ 
tfons. Kddc InScrtpdoDSrpotter^Binark ttaderaeadl 0.3S3 (diameter}^ 
(IJlustrated.) 

Mtsopchtsinlnti, lUtta twcLfth-tblTteenth caninry. A shallow bowl with 
broad everted rtm; bold foot-ring (one perfomtlcinj. Soft, Bandy. 
w^hJte dny covered with n transparent, greeolsh-wblte gLara; areas of 
pearly Iridescence due to decay. Becoratlon paLoled orep glasse la 
golden-brown Luster; fonr spots a£ tnrqaolse bloc. Two nAg^cM in. 
Bcriptions, one portly lost tander iridescent^ x (dla^^er>. 

Persian, dated C07 (A. D_ I2l0). KA^Ail feigned by 3ayyld ^nms-ad- 
dlu abHnsatiL A piate with EcaLioped^ upright sides and ^ narrow, 
grooved rim (liroken, repaired and. In places, restored). Body of soft 
white day covere^I with on opoqne, cream-whiro glaze. Dccoinlkini 
painted In golden-bfowa luster with ruby rdh^ctiooa. Binrglaal in- 
ecrlptlon* locindlng the rtgtuiltire mid date. a(B7 x 0,352 (dlaEneter). 
Syro-Egyptlan^ thlrteonth century (|). A deep bowl (broken and re¬ 
paired). Body of soft rosy-buff clay covered with a white ollp nndor a 
tnmsparcDt glaze of grecnlsli cast (creiEcd>. Decofstloa palated in 
brown on the slip uader glase, 0,080 x 0,1M. 
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ThD work of tho curatorial staff has bc«n devoted to the study and 
iwording of the new acquisitions listed above^ and to other Arabic, 
Chinese, Japanese, Pei^ian, Syrian, and Syro-Egyptian art objects 
either already in the collection or subraitted for purchase. Other 
Arabic, Chinese, East Indian, Japanese, Persian, European, and Amer¬ 
ican objects were &ent or brought to tlie Director by tlievr owners for 
information as to identity, provenance, quality, date, or insciiptioiis. 
In all, T70 objeeb and 235 photographs of oh|(!cts were so Bubinitted^ 
and written or oral reporta upon them were made* Written trausla- 
tions of 41 inscriplloiis in oriental languages were made upon requesL 
In addition to this regular curatorial work, much time during llie 
winter and spring has been st>oiit by inemlicTs of the staff upon work 
connected witli Uie war. 

Two hundred and thirty-six changes were made in exhibition as 


foUows: 

Aaicrlcaii 3 

Aineilcflii patUTy__________ _ . T 

Chiaeae liroftae— ^ — -_______ m 

CMnesQ gold utid trnn-—_ —_ ____ 4 

Chiuese aJlTcr_______ . . . . a 

Chinese KUw-i;tlt-- 6 

Oblnese poTtery_^^^______ __ IS 

Japeueiic.* paint leg-----— ___ 4S 

Jnpoae«e pottery. _________ 

ayrlau Lrasie niid silver____ __ _ 1 

Hepairs to the collection were as follovrs: 

American IS 

CtibieGtr bronze__________ __ 1 

iJhlnese |jaliiting.-->„ -^_ ^ 1 

CMiieso Jaile^_____ ,, ___ 1 

Japoncw ficreoiis- 3 


A scale model of a Japanese print-maker’s workshop was made 

for ibc Division of Onipliie Arts, Smitlisom:m Institutioii. 

ATTENDANCE 

The iiuilcry bus been ojjcn to tbo public every dny from 9 until 4 :30 
o^cIock, with the esoeptioii of MoniluyN, Christmnij Diiy and Now 
Year’s Dsy, 

The total attendance of visitors coming in at the main entrance wns 
87,812; Seventy-eight other visitors on Mondays bring tlie grand 
total to 67y69tl, The total attendance on weekdays, excluave of Mon- 
days, was 57^40; Sundays 30,67‘2, The average weekday attendance 
was 222 persons; the average Sunday attendance 588. The highest 
monthly attendance was in August with 13,955 visitors; the lowest in 
January with 4,417 visitors; 
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There were 1^3 visUors to tlie ninin office during the 7 eftr. Tlie 
purposes of their risibs were as follows: 

FV>r liiffjTiutilEcn ___-_ ___ 214 

To ^ nbM'ta In stornic-^ ---—-—--- 


Fnr Kasteni pnlntli^ _ _ _ , , ____ Si 

Ncnr EoBt^rn pninEiEi|0 nnd inaaiiscrjols_„^. ____ 7 

Enst Indian painting and ruanuscrlptf--_ ___ _. 32 

American pnintlEiga__ ____ 4l 

WhiBtler prlffcta^^ _ _ __ , - , ™ _ _ ___ 2 

Ork^ntDl poltery. Jade, bronzes; setLiptnre, tacQiier and baiii'bDo__ SO 

tljxnntlnn objecia_ _ _ ____ _ 2 

\rc^fnpfoFi IfafiuBcrip/i - _ _ __ _ _SO 

To nHid In the library^ ___ ____ ____ l8^^ 

To niako tnielti|;s and eketcbes from lltimry ____ 1 

TV? see Jhe bnJidIni; and Installation _ _ _____ . ,. _ _ _ @ 

To obtain pormlnslon Ht DboEo^ph or i4cet4:b,.-^. __ _ 28 

To submit objoctB for nxntninnllnii_-__^ _ _ - . -■■■_. _ _ Ml 

To ate members of tbe stnif,___ ____ _ _ 383 

TO »ee tbp oxhibitton on Mondar ___ ___ _ 1» 

To examine of purchase phoED^nphs_ __ _ _ 28^1 


UXTITREfi AND Df^CF-NT SFHVJCE 

Ono lecture by a staff fnember wns given to a wotnan^e club organiKn- 
tion (20 members); 5 groups (total 81 persons) were given instruction 
in the study room; X group (20 persons) was given docent service in 
storage roomsj and 9 groups (total 190 persons) were given docent serv¬ 
ice in the exhibition galleries. The total num}>er of persons receiving 
such services, by request , was 311. 

A series of lectures upon air-raid precautionSj addressed to Smith- 
^nian and Freer Gallery employees, was given in the auditoriuin by 
Kenneth M. Perry of the United States National Mu^um^ June 0,11, 
and 13,1942; total attendance, 97* 

TTRSCiUinX, 

Grace T. Whitney worked intermittently at the Gallery from No¬ 
vember 3, 1941, to June 22, 1912, on the translation of Persian texl^ 

On Munch 7,1942, Margaret B, Arnold resigned as assistant after 2 
years of service. 

Miss M. Eleanor Morsell was appointed to succeed Miss Arnold on 
May 1,1942. 

On June 16, after a roonth^s serious illn^, occurred the death of 
Carl Wlillmg Bishop, associate in archeology. Mr. Bishop became 
a member of the Gallery staff April 19, 1922, to work in his chosen 
field of Far Eastern archeology. From 1923 to 1927, and again from 
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1939 to 1934, Mr. Bishop was in chargo of the Freer Gallery field 
trork in Chitin, making reconnaissance studies at neolithic stations 
in Shansi Province os well os general surveys of burial sites of the 
historic period. He published numerous articles upon these subjects 
in various journals, being widely known as an authority on the earlier 
phases of Chinese culture. His death, at 61, is a matter of deep regret 
to his colleagues. 

Other changes in personnel are as follows: 

Appointments: Glen P. Shephard, guard, July 30, 1941; Edith B. 
Bauer, attendant (intermittent), October 19, 1941; Thomas J. Eey- 
nolds, guard, January 14,1942; V, Lee Turner, attendant (mtermit- 
tent), February 1,1942; Florence E, James, attendant (intermittent), 
May 3,1943; Alice E. Hall, charwoman, May T, 1942; Frank M. Mur¬ 
phy, guard, June 6,1942; Milton V. Harper, attendant (intermittetit) 
June 31, 1943. 

Separations from the service: Mary C. Burke, attendant (intermit- 
tent), resigned October 1,1941; Joseph P, Germujiler, guard, retired 
from active duty Bcceinber 8, 1941; George W. Grigsby, attendant 
(intermittent), resigned January 26,1042; V. Lee Turner, attendant 
(intermittent), resigned February £ 7 , 1942; James Rice, attendant 
(intermittent), resigned Mareh 15, 1912; OlJie Smoot, cliarwoman, 
resigned March 17,1942; Edith B. Bauer, attendant (intermittent), 
resigned Apiil 15, 1942; Oliver W, Puckett, guard, resigned May 26, 
1942; Thomas J. Eeynolds, guard, resigned June 30, 1942. 

Respectfully aubniittc<i. 


Dr. C. G. Abbot, 
Secretary, 


J. E, Lodce, D trac/or, 


APPENDIX 5 

REPOKT OX THE BUREAU OF AJIERICAX ETHNOLOGY 

Sm: I have the honor to submit tho following report on tbs field 
researches^ office work* and other operations of the Bureau of American 
Ethnology during the Ascal year ended June 30, 1942, conducted in 
accordanoe with tlie act of Congress of April 5^ IMi, which proFidea 
* * Iqj. continuing ethnological researches among the American 
Indians and the natives of Hawaii and tJie excavation and preserration 
of archeologic remflins. • ♦ 

During the fiscal year, the energies of the Bureau have been diverted 
to an mcreasing extent to activities coneemed with tlie war effort In 
particular, members of the Bureau staff have cooperated with the 
Ethnogeographic Board, and it is expected that diversion of effort in 
this direction will increaso aa tli© war continues. Activitiefi concerned 
wiili Latui America have likewise been emphasized. 

STSTEBIATIO USEEiLKCHES 

M. W* Stirling, Chief of the Bureau, left TVasliington for Mexico 
early in April 19^ in continuation of tlia progittm of work for the 
Smithsouian Institutlou-Xationol Geographic Society archeological 
project in southern Mexico. A visit of £ weeks w^as made to the site 
of La Venta in Tabasco, where Dr. Philip Dnicker was conducting 
excavations on the same project. From La Venta, Mr. Stirling went 
to Tuxlla Gutierrez in Chiapas in order to attend the archeological 
conference held under the sponsorship of the Sociedod Mexicana da 
Antropologla. While in Chiapus opportunity was taken to visit vil¬ 
lages of the Zoquo, Tzotzil, and Chamula Indians. A tiup was also 
made to tho ancient Maya ruins of Palenque, where a week was spent 
at the site. Mr. Stirling returned to Wa^ington early in June. 

The remainder of the year was spent in Washington admiuistering 
the affiairs of the Bureau and in the preparation of reports dealing 
with the work in Mexico. 

Dr. John R. Swan ton, ethnologist, devoted the greater part of the 
fiscal year to digesting and cai'ding the extant materials in th© lan¬ 
guage of the Timucua Indiana of Florida, a language which pa^ed out 
of existence early in the eighteenth century. Me also devoted some 
time to the revision of a targe general paper on the Indians of North 
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America. This manuscript hiis not been submitted for publication as, 
owing to its size, there is little likelihood of its being prill ted in the near 
future. A brief paper was prepared on Tlie ETolution of Nations, 
and this was published in tbe series of War Background Studies of 
the Smithsonian Institution. 

Dr, Swan ton has also continued to serve us the representative of 
the Institution on the United States Board of Geographical Names. 

Dr. John 1\ Harrington, ethnologist, conducted Held work during 
tbe year on two problems involving linguistic studies of Aleut, the 
language of the islands between Asia nnd America, and of Aihapascan, 
the language of the northern Rockies, of a large pait of the Facitic 
i.!oost, and of the southern deserts. Ho left Washington in August 
1D41 to visit Uie Aleutian Islands, wliere he was fortunate enough to 
secure the aervicca of Ivan Yntclimeneff, son of the Unalaska chief. 
I’lie Aleuts consist of three divisions, jxipularly known as Unalsis- 
kans, Atkans, and Auuans, but all of them are under the Unalaska 
chief. Working on St.. Fan! Island, famous as the biijeding place of 
the fur seal, and elsewhere, lie made a complete study of the sounds 
and grammar of tlie language, with Hie result that it proved to be a 
Ijenetrant from the American side, a tyjiically Amerieoti language of 
eusiern origin, which has penetrated westward never quite to cross the 
Aleutian Chaim The Unalaska dialect is lelated to and undoubtedly 
derived from the language of the Alaska peninsula. The fact that the 
Cliain was occupied by an Anierican languuge is imimrtant because 
uf its possible fundamental relaticmsbip to the Atlutposcan stock of 
inland Alaska. 

A byproduct of tbe field studies was the obtaining of a probable 
etymology of the name “Aleut” which differs from those previously 
offered by other invesligutors. 'lliei mama is still pronounced with 
three q^Dahles in BuHsian, as AJ-e-ut, and is the same as tlie tribal 
name “Aglimyut,” in modern usage applied to a Bristol Buy tribe. 
Tlie name of the liigh hill on St, George Island also omits the interior 
m, just os it is omitted in tbe word “Aleut.” Early Russian usage 
took over the name with inclusive application, whidi Inter became 
crystallized into application to spoakers of tlie Aleut language alone, 
although tbo Kodiak Islanders are still spoken of in Russian and 
Aleut as the Kodiak Aleuts, even at the present day. 

Following the Aleutian work, Dr. llnrringtoii proceeded to British 
Columbia, where he undertook studies of the relationship of Navaho 
and Apache with the Athapascan stock of the northernmost Rocky 
Mountains. This relationship was first reiwrted by Horatio Hale 
and by IVilliam Turner, In British Columbia Dr. Harrington recov- 
erol traditions that the Chilcotin language had formerly occupied 
the Niwla Valley, and was able to obtain n large number of Oillcotin 
words in that region, handed down in individual families. Following 
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this lead^ hb was able to discover Individuals who had in their remote 
youth actually spoken the extinct Kwalhioqua and Tktskaiial dialects 
of Washington and Oregon^ and to recover vocEbularies of these with 
oil their original phonetics. He also recorded the tmditloD that the 
Upper Umpqua language of what is now tlie Wcinity of Roseburg^ 
Oreg., had coioo from the Kwalhioqua. The Soasburg language is 
related to the languages of the lioguc River region of aoutliem Oregon 
and those of northern California. In conhnnntion of these findings^ 
he obtained the tradition that the Blue Lake Indians had come from 
the south bend of the Smith River, far to the nortln Dr, Harrington 
has traced tlie Chilcotin or Cbilco language all the way from Lake 
Chilcotin, ivhich drains into the Fraser River, to tlie head of Eel River 
in northern California. This work lias demonstrated that the Eel 
River language is merely a Cltilco dialect which has drifted south. 
The exact provenience of these southern tongues is Dr. Hiirrington's 
present goal 

At the beginniug of the fiscal year Dr. Frank H. H. Rgberls, Jr., 
ivas engaged in archeological excavations at a site on the north rim 
of the Staked Plains, 10^ miles south of the town of San Jon, 
X. Mei. Those mvestigations were continued until September 6. 
The work produced evidence for an intorestiDg sequence of proiectile 
points and other artifact types and new information on some phases 
of the aborigioal occupation of that portion of tlie Southwest. The 
oldest aFcheotogical material present was found to be in association 
with bonea from an extinct species of bison and in the same stratum 
as mammoth remains. Indications are. that, although from a dif¬ 
ferent complex, this material probably dates from about the end of 
the Folsom horizon some 10,000 to 15,000 years ago. Between this 
level and the next in the series there was a gap of an, as yet, un- 
detenained although appreciable length of time. During this inter¬ 
val tlie large bison were replaced by a smaller species, the modern 
buffalo. From the start of the ^ond ^age down to protohistoric 
times there was no break in the occupation of the area investigated, 
and the points and artifacts were found to progress from forms 
similar to tho^ found in the Texas area to the east to those com¬ 
monly associated witli late sites in many parts of the cotintry* The 
specimens from the second level belong to the so-called Yuma cate¬ 
gory, and the evidence from San Jon Indicates that chronologically 
fliey are much later than hiihcito supposed. The urtifacLs from the 
late horizon sl^ow that several different Indian groups used I hat 
area aa hunting territory. In the light of present knowledge, how¬ 
ever, it is not possible to identi:^ the specific groups from the artt- 
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In keeping vrith Ibe Smithsonian Institution's policy of cooiwra- 
tion ^vilh und aid to other iustitutions^ Dr. Roberts took leave from 
Jul}' 28 to August 9 to give a series of Icetures on Soutliwestern 
archcolog}' and to direct student escuvatious at tlte University of 
Xew ilexico Field Session in tlie Cliuco Canyon, N. Mrs. During 
hia absence, tbe work at San iTon was continued under the supervision 
of Eugene €« Wontinn, Jr., of the deportment of antKropologv'. 
Harvard University, From the Chaco Canyon, Dr. Roberts re¬ 
turned to San Jon, and, upon completion of the work there, retui'ned 
to Wnsliington. 

TJio full und ivijLter months were sj>ent in regular oflice routine; 
in the preparation of a manuscript entitled Archeological and 
Geological Investigations in the San Jon District, Eastern Nevr 
Mexico” for publication in the Smithsonian Miscellaneous Collec¬ 
tions; in library researches for information for and spousortng 
programs on Carthage, Zebulun M. Pike, and Babylon for “The 
TVorld Is Yours” bioadcasts; in orgatiiiiing air-raid protection groups 
for the Smithsoninii building and serving as building ■warden under 
the Public Buildings Administintion Civilian Defense program; and 
in assisting in the preparation of material for evacuation to storage 
places outside of Washington, 

On June 27 Dr. Roberta left Washington for Newcastle, Wyo., to 
inspect a site on the Cheyeiitie River where animal hones and arti¬ 
facts were reported to be eroding from a gully bank and possible 
valuable information was in danger of being lost through the action 
of natural agencies, This investigation was just starting at the dose 
of the fiscal year. 

Dr. Julian II. Steward, anthropologist, continued his activities as 
editor of the Handbook of South American Indians, On September 
2, 1941, Dr. A- M^treus was appointed to assist Dr. Steward in the 
preparation of the Handbook. 

At the end of the Bscnl ye.ir, completed manuscripts totaling about 
000,000 words had been received freiii approximately 90 contributore. 
Half of the contributions are from Latin .\iiicrican scientists, while 
the remainder are from North American specialists on Middle and 
South American Indian tribes. The very important tribal map 
covering a large portion of South America was completed for the 
Handbook by Curt Nimiieftdaju and is now in Dr. Steward’s hands. 
A collection of photographs of South American Indians was begun, 
and between 4,000 and ^5,000 bibliographic items had been assembled, 

Fron» February to May 1042, Dr. Steward visited Brazil, Argen¬ 
tina, Paraguay, and Chile, where he conferred with Latin American 
unthrotmlogists and arranged for their omperation in mutters per¬ 
taining to tbe Handbook. He also discussed plans for the formation 
of an “inter-American anthropological aod geographic society,” for 
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the development of cooperative anthropological and geographic re¬ 
search, and for the expansioai of the exchange of publications. 
During this visit, Dr. Steward was made an honorary member of 
Academia Guarani of Paraguay and Sociedad do Antropologfn do 
Argentina. 

Dr. Steward has also served during the year as a member of the 
Policy Board of the American Indian Institute, the Advisory Board 
Strategic Index, and Publications Subcommittee of the Joint Com¬ 
mittee on Latin American Studies. 

During the past fiscal year, Dr. Henry B. CoUina, Jr., ethnologist, 
continued with the study of archeological materials fiom prehistoric 
Eskimo village sites around Bering Strait. In April he presented 
8 paper at the annual meeting of tlie American Philosophical Society, 
at Philadelphia, in which he discussed the relationships between pre¬ 
historic Eskimo culture and recently described Neolithic remains from 
the Lake Baikal region, southern Siberia, which have been regarded 
as the source of the basic American Indian culture. The paper, 
which is to be published in somc'n'hut expanded form in the Proceed¬ 
ings of the Society, points out a number of close resemblances between 
the oldest Eskimo cultures—^whieh probably date from around the 
beginning of the Christian era—and the Siberian Neolithic^ The 
older stages of culture elsewhere in America, siicli as Folsom and 
Sandia, exhibit no such resemblances; it seems unlikely, therefore, 
that the Siberian Neolitliic was the reservoir from which American 
ctilture in general was derived. 

In the latter part of the fiscal year, Dr. Collins devoted considerable 
time to work in connection with the war effort, including the prepara¬ 
tion of illustrated reports on various strategic areas. Preparation 
was also begun on a general paper on Alaska for the Smithsonian 
War Background Studies, 

Dr. William N. Fenton, associate anthropologist, devoted the 
summer months of IWI to the preparation of an intioductton to his 
tnaterials on Iroc^uois medical botany. Since a surprising number of 
Indian herbs have been taken into our pharmacopoeia, it was decided 
to publish the section on Contacts between Iroquois Herbsdism and 
Colonial iledicine, ft unit of itself, as nu article in the appendix to 
the Annual Report of the Smithsonian Institution for 19M, reserving 
the balance of the study for a longer monograph. 

In November, Dr, Fenton went to Brantford, Ontario, to work with 
Simeon Gibson of Six Nations Reserve at translating Onondaga texts 
bearing on the Iroquois League which his father, Chief John A. Gibson, 
had dictated to the late J. N. B. Hewitt, Of theee the principal manu¬ 
script is a ISd'page version in Onondaga of the ^^Deganawi dah ^ legend 
of the founding of the Iroquois confederacy. Some IS years later. 
Chief Gibson dictated a longer version of the same legend to Dr. Alex- 
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ander GoldcnveisGr, and this miitiaBcript wns turned over to Dr. Fen¬ 
ton some years ago by its coUcctor. A translation of the Hewitt 
manuscript was completed in the Held, and this has been reworked in 
part during the winter. Plans were made to translate the GoMen- 
weiser manuscript during the ensuing year. 

Two other research projects continued through the year, Kew mate- 
riak were discovered by Dr, Fenton’s collaborators in a study of Com- 
plnnterV Senecas on the upper Allegheny Elver, mentioned in the 
report of last year, and the scorch for journok of the Quaker missions 
after 1798 has continued with some success. In this work Dr. Fenton 
acknowledges the labora of Messrs. M. H. Deardorff, of Warren, Pa., 
and C. E. Congdon, of Snlamanca, K, Y., in transcribing manuscript 
sources and collecting much new mataria1 in the field. 

llie second project was conceived several years ago to fulHE a grow¬ 
ing need among Americanists for an English edition of J. F. LaHtau’s 
important but now rare hfoeurs des Sauvages Ameriquains (2 vok., 
Paris, 1724). Dr. Elizabeth L. Moore, of Parker&hurg, W. Va., one¬ 
time member of the French department nt St. Lawrence University, 
has undertaken tlie translation, and at the end of the year had com¬ 
pleted, under Dr, Fenton’s direction, the translation of those sections 
in volmne 1 which include Lafitau’s observations of the American sav¬ 
ages at hk mission among the Mohawks of Caughnawaga and the 
Abenaki of nearby St. Fmneis, omitting for tile most part long ex¬ 
tracts from contcmporaiy and earlier works that LaQtau felt obliged 
to copy. In order to conserve the Bureau’s copy of this rate work, a 
microfilm copy was made, which is fortunate since the original library 
copy has been evacuated for the duration. 

Early in Match Dr. Fenton commenced compiling, with the help 
of Drs. Met ran a, Collins, and Stewartl, a cumulative list of anthropolo¬ 
gists arriving in IVashingtoti for war work and the agencies in which 
they were employed. 

Following appointment to the Stuithsonian IVar Conunittee on April 
1, a large proportion of Dr. Fenton’s time and efforts have gone into 
the work of the Committee, of which he has served as secretary At 
his suggestion the Committee drafted and distributed questionnaires 
soliciting haste data for ‘*A roster of personnel, world travel, and spe¬ 
cial knowlwlgc available to war agencies at the Smithsonian Institu¬ 
tion,” and by early June the roster had been ushered through a pre¬ 
liminary and a first edition. The Smithsonian roster was patterned 
after personnel lists of the Oceania committee of the old "Ethnographic 
Board” of the National Eesearch Council, and through these contacts 
the Smithsonian participated in setting up the Ethnogeographic 
Board. At the end of the fi'scal year Dr. Fenton was detailed to act 
as an assistant to the director of the Board, Dr. William Duncan 
Strong. 


BEFORr OV 'iW SECBSTARY o5 

During the year. Dr. Fenton delivered several illustrated Iccturea 
ptiesenting some of tlie results of Ids studies of Iroquois culture. 

At the end of the fiscal year a itiauuscript entitled “Songs from the 
Iroquois Longhouse; Program flotes for an Album of American Di- 
dian Music from the Eastern Woodlands" was accepted for publica* 
tion by the Institution to accompany an album of phonograph records 
by the same title which the Archive of American Folk Song, Library 
of Congress, is bringing out as volume S of Folk Music of the United 
States. 

Dr. Philip Drucker, assistant anthropologist, devoted the first half 
of the fiscal year to analysis of the pottery collections made in 1941 by 
Uie Smithsonian Institution'Hational Geographic Society expedition 
at Corro de las Mesas, Veracruz, Mexico, and the preparation of a re¬ 
port OD this material, Ceramic Stratigraphy at Cerro de las Mesas, 
Veracruz. Thanks to the cooperation of the Department of Archeol¬ 
ogy of the hlexican Goverument, he was able to study comparative col¬ 
lections of materials stored in tJie Museo Nocioiial de Mexico from 
adjacent regions, which greatly facilitated the placing of the Cerro de 
las Mesas culture. It was found that this site was occupied from a 
time level corresponding to that of Teotihuacan III of the Highland 
cultures until shortly before the Spanish conquest. The Ninth Cycle 
dates discovered in 1940 probably belong to the early period of oc¬ 
cupation at Cerro de las Mesas. Of added interest is the fact tlmt tliese 
dates are not only of importance to the arcbeology of tbe Gulf Coast, 
but in addition are the first actual can'ed dates even indirectly refer¬ 
able to tbe important center of civilization of the ilczican Highland, 
Teotihuacan. Following tlie i^eriod of Teotibuac&n influence, a new 
set of influences appeared, probably an actual immigration, of Mixte- 
can people who brought with them their pottery craft, so tliat during 
the Upper Period at Cerro do las Mesas great quaDtities of Mixtecan- 
type (Cholulteean) wares were made. The modem designation of 
this coastal region as the “Mistequiila,” incidentally, thus may be seen 
to bo a well-based ethnic identification. 

In tbe latter part of January, Dr. Drucker set out for the site of La 
Venta, in nortliwest Tabasco, where discoveries in 1940 indicated the 
importance of the place as an ancient ceremonial center. Excavations 
Were carried out, aimed primarily at recovering stratigraphic material 
for the analysis and placing of the site in relation to the Ties Zapotes 
and Cerro de las Mesas “pottery yardsticks” established in former 
years, and for comparisons with material from more distant sites as 
well. Toward the end of the season some exploratory excavations were 
undertaken in structures at the site, especially in the large ceremonial 
patio. These efforts were rewarded by the finding of an elaborate 
tomb of basalt columns, and a number of pieces of small but exquisitely 
carved jade. Most of these jade pieces represent tlie liltlc-known art 
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styk oftea designtited ‘^Olmec,” and uro among the first of such objects 
to hare been scientiScaUj excaviited. Their study will be important in 
defining and placing this mt in. its proper cultural contest 

At the conclusion of tlie work, the muteriiils were brought to Mexico 
City, where a division was uuide with tlie Department of Archeology 
of tlie ilexican Governmeut, The entire body of stratigraphic ma- 
tcrinla, and a part of the remaining objects, were then shipped to 
Washington for purposes of study. 

spEciAi. BEsnAncuns 

At the beginning of the fiscal year, Miss Frances Densmore, a 
collaborator of the Bureau, began the recording of Omaha songs at 
Macy, Nebr., on the Omaha HeserTailon, Musical studies had been 
made among the Omaha by Miss Alice C. Fletcher prior to 1893, 
and Miss Densmore wished, if possible, to contact singers who had 
recorded for Miss Fletcher and also to obtain duplicate recordings 
for compuratire purposes. Among the older Indians, Miss Dens- 
more located three singers, Edward Cline, Benjamin Parker, and 
Mattie Merrick White Parker, from whom songs had been obtained 
by Miss Fletcher. Miss Densmore recorded 32 songs from this 
group, including several w'hicb bod been sung for Miss Fletcher. 
Joseph Hamilton and Henry J. Springer, who had been Coo young 
to sing for Miss Fletcher, wei’e. familiar with the songs of old war 
societies and recorded S3 songs; A third group comprised younger 
men, George R. Phillips, Robert Dale, and John G. Miller, from 
whom 6 songs connected with tlie firat World War were obtained. 

Some of iliiiij Fletcher^s published Omaha songs were played on a 
piano and were recognised by tbo Indians as having been recorded 
for her. Misa Denstnore obtaintnl new recordings of these which 
were transcribed and compared with the versions presented b}* Miss 
Fletcher. It was noted that while the general effect of each melody 
is tho same in both versions, differences are rather marked. An ade¬ 
quate comparison of Uie singing of these songs in the two periods 
of time could be made only if the original recordings were available 
for comparison witlj the records made in 1941. In contrast to the 
differences iti tliese serious songs, it was said tliat the song of the 
hand game, presented by Miss Fletclier, is in use at the present time, 
This was re-recorded for the present work, and the two versions 
differ only in the omission in the new recording of a few bytones. 
From this it appears that songs in common use are preserved among 
tho Omaha without change, while songs connected with ancient cub- 
toms or oeremouies, which have not been sung for many years, are 
being forgotten and will goon disappear. 

Miss Densmore also obtained from Benjamin Parker a description 
and a model of an old type of drum. In former times the cylinder 



REPORT OF THE SECRETARY 


57 


of this drum was a charred log^ preferably of oak or elm. The 
lower head wag of hide from the lower part of a buffalo’s neek^ and 
the upper hend, which wag struck^ was made of deer hide or tlie hide 
from a hindquarter of an elk. These heads were laced together 
with buffalo thongs and tightened with bits of wood in the lacing, 
a cnatoni not observed previously among tlie Indians. 

During the year Miss Densmore arranged in final order £45 songs 
to accompany her manuscript on Seminole music and revised por¬ 
tions of the test to conform to this arrangement of the material. 

In December 1041 Miss Densmore was appointed os consultant at 
The National Archives for work ia connection with tho Smithso- 
nian-Densmoro collection of sound recordinj^ of American Indian 
musiCj and duiing the ensuing months she was engaged in planning 
the organization of the collection. 

KDrrOaiAL work ANT> PUBLICATIONa 

The editorial work of the Bureau hm continued during the year 
under the unmediate direction of the editor, M. Helen Palmer. 
There were issued one Annual Report and three Bulletitts, as follows: 

FJfl^-elglith ^Uuiual Hcpon of llie Bureau of Amerlcnn Ethnolopii', 1M0-1S41, 
la PP- 

Btilletlu 120, An arcticologlcfl] aun'Cy of Pickwick BneJo In the ficljaceiit 
portions of the States of Alabama^ and Tennessee^ by WllUnm S. 

Webb niiii DarBd I* BoJarnetier WIili DUiUtlcns WaUer R. Joae3+ J, P, E. 
Mortl^on^ Marshall T. XewTnna find Charles %. Suovr, and WlMUtin G. Han:||^. 
S3C pp., 31C pis,. 09 text flga, 

BuRcirlD 130 l Arcbeolo^cal luTostl^tifitas at Buena Vista Jjikt. Kern 
Conutyp California, by Waldo R- Wedel. With iippondlx. Skeletal remains froiii 
the Buena Vista sites, CnUfomla, by T+ D. Ste-wart. 1G4 pp.T 57 rla,^ 10 text 

Bunetln laip Peachtn?e Mound arid village site. Cherokee CottaEy. North Caro¬ 
lina, by EVank M- Setslor and Jesse D. Jennings. With appondlXr Skeletn! remains 
from the Peachtree Site* North CarolLiia, by T, D. Stewart, loa pp., OO pi*,, 
12 text figs. 

The following Bulktins were in press at the close of the fiscal year: 

Bulletin 132, Source material ou the history and ethnology of the Caddo 
Indlatie, by John H, Swanton. 

BoUetln 133, HAathropologlca! papem ntimhers 

No. 10=^ A search for song® among the Chltltnarha ludlans la T^uLslunn^ 
by Frances DenKmore. 

No, 2Cl Archeolo^cal survey ou the northern Northwest Gbasti by Phjltp 
Dntcker. 

No. 2L Some notes on a few aites in Beaufort Oounty, Sonth CafoUaa, by 
Regton Flaauery- 

No, 22, An ooalyHs and Interpretatlou of the ceramic remains from two 
iltes near Bennfoit, South CnroUnn, by James B, Grlfflo, 
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23, rme ^Astern Chorokeea, by Wf Qliiiii Harl-es OUbert; Jr, 

No. 2d. Ac?oQlte pol^Q wMlLDg En A^la (md Am&^al t An AlciitJaii traoMter 
to Ibe New Wprtd, Jlobert i?'. Helseer. 

Nf}. 25. Tbc? QutIct IndEacLs qf tbe Snllclej Blver: Tbelt social aod tc- 
Uglous life, Piamond J<ensc^ 

No. 2^ Ttie qalpa nnd Feruirlati clvllLzatloii, hy Jolm IL SwantocL 

Bulletin I3d. Native tr^bea of eastern Bolivia and westom Mat to Croeso. by 
Alfred M^Stratii. 

Bulletin 13& Origin oiytb of Ac^ma and otbex rccordt^ by Klatlhew W.p 
SUrline. 

Ballet Id I3^t, Anthropolo^cal papers, tiatubei^ 27-^32: 

No. 27, Masle of tbe Indians of BrItUb Columbia, by Frances Densmore, 

No. 28. ChcHTtaw mtisle, by Prances Densmore. 

Nol 20. Some onibnolosicftl data coocemlD^ one bandred Yucetan plants, 
by Morris Stegfierdo, 

No. SO. A deacrlpllon of SO towna in Yuc!atfii], 1037-39, with Introductory and 
cxplanatoiry remarks, by Morria Steg^rdn. 

No. SL Some western gbosbotil mytlia^ by Julian H. Steward, 

No. 32. New material from Acoma, by Leslie A. White. 

BaHetln 137> The Indiana of tbe SootheasCem Uni Led Statasv by Jobo IL 
SwnntoD. 

PublioatiDns distributed totaled 11,631, 

UOBARir 

There has been iw> change in the Tibrnry staff dudng the fiscal year. 
Accessions during the fiscal year totaled S50. Volumes recciTed by 
exchange hove fallen off aborplj owing to the war, which has prac¬ 
tically stopped cschange except from Great Britain and her posses¬ 
sions and from South America. Several new exchange sots have been 
started daring the year. 

The reclassification of the library is practically completed. The 
foreign society transactions and th® foreign periodicals have been 
re&helred and a temporary shelflist made. The publications of Indian 
schools and minions have been classified, reshelvcd, and a temporary 
shelflist made. All availablo fjibraiy of Congress cards for periodi¬ 
cals in our collection have been obtained, and these cards have been 
sorted an{] will be prepared as soon as time permits. 

The rare-hook collection has been classified, reshelved, and shelf- 
listed, and Library of Congress cards were obtained for nearly all this 
collection. About (iOO volumes of the rare-book collection were 
packed for shipment to war storage in April, 

New books received during tlie year have been classified and shelf- 
luted and are now on the shelf. The usual work of recording new 
periodicals and society transactions and examining them for material 
of interest and for book reviews has been kept up to date. 
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A beginning bfis been mAde on bringing analytical entries up to 
date. The American Anthropologist, American Journal of Physical 
Anthropology, American Antiquity, and other important seta hare 
been brought up to date ivith main cards only. Other sets and sub¬ 
ject entri^ remain to be done. 

The librarian attended the meetings of the Intor-AmericaQ Biblio¬ 
graphical and Library Society in February 1942, and assisted in the 
formation of a Map and Geography group iui the Wiishington cliapter 
of the Special Libraries Association. Talks by the librarian on the 
library and the rare-book coilcction were giren before the Map group 
of the Special Lihrarics Association on January 6, 1942, and before 
the Museum group on March IQ, 1942. 

ILl.UsnUTtONS 

During the year Mr. E. G, Cassedy, illustrator, continued the 
preparation of illiustrations, maps, and drawmga for the publications 
of the Bureau and for those of other branches of the Institution. 

COLLECnDNa 

Collections transferred by the Bureau of American Ethnology to 
the Department of Anthropology, United States Kationol Museum, 
during the fiscal year were as follows: 

4 simim 

-Vflr 

1012114. Cult objects from Toodoo ^Ines tu the regSon of Croli tifflr 

Port au^Prlnce, Haiti, and a aamll lot of archeolc^lcfll objswta from 
Tortuga Maud off the north coait of Kaltl j fwllecied by Dr. A- 
durlDg th^ summer of 

102205. Arcbeolo^cfll materials froni Ventura. Saotu Borbam, Iby®, and Kern 
Countlea, Callf.i eolleutcd hj- Dr, W. D, Strnn£ In 10M, 

lilSGStX.iXEOUS 

During tha course of the year infortnation was futnishcd by members 
of tlio Bureau staff in reply to numerous inquiries concerning th« 
North American Indians, both past and prasent, and the Mexican 
peoples of the prehistoric and early historic periods. Various speci¬ 
mens sent to the Bureau were identified and dMa on them fiimiehed 
for tlieir owners, 

PerB&nn€l—DT. Philip Drucker was uppomted on August I, 1941, 
as assistant anthropologist j Dr* Alfred Mfitraus was appointed on 
September 2, IMl, as anthropologist; Miss Ethelwyn B. Cart^ was 
appointed on September 2,194lf as ossiistant clerk-stenographer in ^n- 
nection with the preparation of the Handbook of South American 
Indians; Mrs. Catherine M. Phillips, junior stenographer, was pro- 
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muted to assistaat clerk-stenographer on January 16, 1942^ in tlie 
editorial division, Smithsonian Institution, and Mrs. Euth S- Abram¬ 
son was appointed on March 12, IS^, to fill thia vacancy; B* Green¬ 
wood was transferred on February 12, 1942, to tlie United States 
National Muscuzn, and on April I, 1942, was reassigned to his former 
position in the Bureau library, 

Bespectfully submitted. 

il. W. SnaLiNo, Ohief. 

Dr. C. G. Abbot, 

Secretary^ Smithsonian 


AI^PEKDIX 6 

EEPOKT ON THE INTERNATIONAL EXCHANGE SERVICE 

Slit; I have tbe hoaur to submit the folloi^'ing report- on the activi¬ 
ties of the Internatioiinl Eschange Service for tbe fiscaJ year ended 
June 30,1^2: 

The congi¥ssioiial appropriation for tlie Eichanges was ^44^0, 
the same amount granted for the previous year. As was done lest 
vearj the Department of State transferred S500 to the Exchange 
Service from an appropriation made by Congress to that Department 
for carrying on Its work of increasing the ciiltunil relations between 
the United States and other American republics. This amount was 
used by the Exchange Service to send packages ditectly to corre¬ 
spondents in Argentina and Brazil by mail instead of forwarding 
them in boxes to exchange bureaus for distribution, thereby greatly 
reducing the time required for packages to reach their destinations. 
To nil otlier South and Central American countries, as well as to 
Canada, Cuba, Dominican Republic, Haiti, Mexico, and Newfound¬ 
land, packages of publications are transmitted by miiil under govern¬ 
mental frank. The SfiOO was not sufficient to meet the entire cost of 
postage on all the packages for Argentina and Brazil but the extra 
amount needed for tliis item was met from the eongressional appro¬ 
priation for the Exchanges. Tile total nva liable resources for cas¬ 
ing on the exchange work was $48,505.50, there having been received 
during the year on account of repayments $8,125.50. 

During the year 661,151 packages passed through the service, a 
decrease from last year of 15,131. The weight was 330,406 i>ounds, 
a decrease of 62,243 pounds. The publications sent and received 
through the Exchange Service are classified under three heads; 
Parliamentary documents, departmental documents, and iniscellanc- 
Gus Bcicntific anti literary publications. The term “parliamentary 
documents,” as here used, refers to publications set aside by act of 
Congress for e.xchango with foreign governments, and includes not 
only documents printed by order of either House of Congress, but 
also copies of each publication i^ed by any department, bureau, 
commission, or officer of the Government. Governments to which 
this cla^ of publications are forwarded send to this country' in ex¬ 
change copies of their own official documents for deposit in the Library 
of Congress, The term “departraental documents” embraces publica- 

ei 
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tiona delivered nt the Institution hy govemmetital departments, bu¬ 
reaus, or conuikissions for distribution to their correspondents abroad. 
Publications received in return are deposited in the various depart- 
mental libraries. '‘Miscellaneous scientific and literary pubHcations’' 
are received chiefly from learned societies, universities, collegea, scien¬ 
tific ii^itntions, and museums in the United States for transmission 
to aimiJar establishments in all parts of tile world. 

Detailed figures under these three headings are given in the 
following table: 
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Packages am forwarded abroad partly by freight to eichange 
bureaus for distribiition and partly hy mail directly to their destina¬ 
tions. The number of boxes shipped was 599, a decrease from last 
year of 366. Of these boxes 301 were for depositories of full sets 
of governmental rtoemnents and the contents of the remainder (295) 
were for depositories of partial sets and for varions establishments 
and individuals. The number of mail packages was 127,454. 

The work of the Service is still greatly interfered witli by the war 
which at the dose of the year had resulted in the snspensjon of ship¬ 
ments of eschnnges to all countries in the Eastern Hemisphere except 
Great Britain and the Union of South Africa. In the TV^cstem 
Hemisphere, where packages ai^ forwarxled to their destinations by 
mail, mostly under governmental frank, there has been no interrup¬ 
tion to the sending of packages, although some delay results from 
their eiamination by the Office of Censorship before bein- fdlowed 
to leave the United States. “ 


The dates of the last shipments to the countries to which the send¬ 
ing of consignments was suspended during the year are given below: 
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New Soutb WaLe5-„— _______ Dcc^ 22» 1011 

Queen^ud— -----— - Da, 

Bouib - — - - - - - — Do. 

TnHfTLllnl a- -------- Sept. 22^ 1041 

VIctOTlai.-^_ ______Dec. 22, l&Sl 

Westem AustraUn—-.-_ Sopt 22, llMl 

FORElaN DEt^StrOElB^ OF UOVEENaiENTAl. DOCtJHEltTS 

Thore now {ire received at the In^tutloa for tnuisnii^ioii through 
the International Eschange Service to foreign depositories 55 full 
sets and 36 partial get^ of United States governmental documents— 
a total of 01 sets. At the close of the year no sets of governmental 
documents were being forwarded to any countries in the Eastern 
Hemisphere. In the Western Hemiaphere the full and partial series 
were being transmitted after eHminatlng those publications not 
allowed to be estported by the Office of Censorahip because they were 
considered to contain matter of po^ible aid to the enemy. All the 
publications foraiing the full and partial sets of governinental docu¬ 
ments now being lield will be forwarded at the dose of the war^ 

The depository in South Austrolm was changed from the Parlk- 
raentary Library to tlie Public LibranTi The partial sets sent to the 
Straits Settlements and the State of Kio de Janeiro were discontinued. 
The Biblioteca Nacionai in San Salvador was added to the list of 
depositories of those sets. 

A complete liat of the depositories is given below: 

DElOiSITOaiES CSV FUU. SEfB 

Aig[ 3 S 7 tna: DlrocclOD de iuTesHgacloaoSt Archlva, BlbUcitecQ F teglslacl^B 
Extmnjeru^ MlnUterlo de Eetflelonea EMerlorea j CultCi Buenos Aires, 
Acsteaua: Coiamoawf?a1tJi t^rUaiceat and KoUanal UbnirVi Ciuaberrn. 

Kew SaUTir Wajhes: Public Library nt New Sauth Wales, Sydney. 
(JiTEEivsujRD ; ParKnnietitaify Library, Brisbane, 

Sourn AusTSAtiA; labile Library af Scutb Australia, Adelaide. 
TAsMjjdA; Parilatneatory Ltbraiy, Hobart. 

Victosia: Public Ubniry uC Victoria, Melbourne 
Westkii austwxa: Public Library of YV€?Btern AnatraUa, PertK 
BEUiruif : BlblEacb^oc Bcyale, Bruxelles^ 

Beazil: ipstftatn Nadonal do Livro, Bio de Janeiro. 

Library of Parllcinent* Ottawa. 

Maxituoa; Prtvinelnl Library, Wlnaipef. 

OwTAiua: Lfffislatire Library, Ttarcute. 

Qitecec; Library af Ibe Legislature of the Profluce of Qneboc, 

Cmix: BIblloteca Nacloenl, SaiiUAgo. 

China: Bureau of International Exebange, Ministry of Educattnu. Obiingkln^- 
Coi4>MWAi BlbBoteca Nacionai, BogotA- 

CrtuTA RjcA- Onclbfl do Depdslto y Canje latofiiaclounl de PLibllcDclDues, Sun 
Jd##. 

C™it MJnlslorlo de Sstudo, PlrocclC^n do Rclocioaca CuUumles. Hnbanu. 
Cb^CHostiUVAKiA : BLblluth^Uie de VAssemblde Natlonnlp+ FrB 5 uo+ 
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jUvxMAEK i Km^n^ J>ntiskii Vldertrtka^m^ Sel^l^Pb, Copenhacen^ 

Euinr: BuneiiD des PobUcatLoas, MiDial^re dea FEnancgs; Cairo. 

Estonia: XUIgLrpawtiilLo^ tRUHe Llbrarrh T&Ulim. 

Fcnunp: Pprllfiiniiatiiiy Library^ HetsEnki. 

BlbRoOi^ue Natlaafile^ Par^a. 

GcauijsT; Eel^haiPtiscbyieltt Im R&ldiaiuEtilEterliim far Wlssyascliaft, Erale- 
hiuLij und FoOLSblldiiug^ Berlin, K W+ 7^ 
rBi?£3iA: PrcuE^Iielie Slaat^blbRotbek. Berlin, N. W. 7. 

Great Britaitt; 

Enclasp: BrltEab Musoiuti^ LeaiJoTL. 

JA>sn)o:ni London Soboul of IDeoDcmiEGa nod Falitlcai Science, (DepoaEtory 
cf the Tjindon County CoimdL) 

Hltoart ; LEbrary, Huci|;arl4it:i Bouse cf I>e1eeateB, Budapest 
India: Imporlal LLbmry, Calcutta. 

Trelanus Natiaaal Library of Irelandk Dublin. 
iTAtT: Mlnlstcro doirBducuEtone KoxIoimlD^ Romo. 

Japan: Imperial Lllimty of Japan, Tokyo. 

Latvta: BibRotk^qUe d'etat, 

LEAOUfe or Natjonbj Lltimry of tbe Loagtio of Nations, Geneva, Switzerland. 
3fExiiXi: Blreccl^n Geuemi de InforinnclCn, Secretorfa de Ooberoseldn^ 
Mexico, D, F. 

NETETEpLAKan I Hoyal LlbrnryT Hapie. 

Nnw Zlaund; Genera] Aa&enably Library, Wellington. 

NORTiinje Iw^ym: H. \l Sraflonery OfflH,'e, Eelfflat. 

Norwat: Unlveraltete^BIbliotlick, Oslo* (Depository of tbe CoTerniDeDt of 
Norway.) 

PtHu: SeccE6b de Propaganda y Publlcqclones;, Mlnisierlo de HelacEonca Ei- 
terlDTcak Lltofi, 

Pdianp: Blbljotb^no Nationale^ Warsaw. 
i^TtjoAti BEblloteca NaciotmL Lisbon. 

Rt^MANTA; Academia RoTnauR., Buebareat^ 

Spain: CambEo Iniemaclomil de PubHeadotiea, AvenlfTs de CrIto Sotelo 20 
Madrid. 

SwKnEN: Kungllga Blbllotekei, Stockholm. 

SwrKERiANn ! Blbllntb^ue Ccntmle Fdd^-miek Berne. 

TvsKEy: t>epflrtment of Frinttng and BnpriiTlng. MtnEstry of TCdncnUon, 
Istanbitl, 

Union op South Atrica : State Library* Protorla, Tmn.svaaL 
UNtotf OF Soviet StH!U4.iaT RzFunLica: All-Uulon I>?n!n LEbrary, Moscow llES. 
U»Ai|fE! UkralnUin Society for Culttimt BelatloiiB with Fot^Iru Conntrlea, 
Kiev- 

UnuotFAy: ObcLno de Canje rntemaclonat de PubUcacLones, IfontevIdeOL 
VENtzuEu: Blbliotera Naclonitl, Oimcaa. 

Tonosuvi.'L! Miniature do l-f^ncation, Belgrade. 

nEPOirmuEo or PAfcrtAL nern 

ApaHAnfsTAn; Mlnlstfir of Forelfn AtTaEis, PoMlcuUong I>e|»rtiD«&t, Kntmt. 

Boijvta; BtbUoteca Mlnlatorin de HelnctODes Ext«rlor «9 y Colto La Foil 
B um,; ' 

__Dlrwtorla Gtral de EatatlBrica em Mlnat; Bella Horizonte. 

BEmeiT Gvuna; Goivrtiinent SeeretniT’e Otnoe, OeaTmtown. Deiceinrs 
CoitAiMr 

Aijwbta: Prorlnclnl Llbrniy, Bdoionton. • 

Bimea Caurinm; PrortncEnl Wbrnry, Victoria, 
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CAiTAOA—C!ciitlniied. 

Neii' Bbunswick: LpflsIntlTe Llbmip, PreiJeficlon= 

^"o^A ScoftiA: ProtlMUil SecretEi^ of Nova ^Ub, 

EmvAsa Islanh: T^slntlre aod PabTle LlTimryp durii^ttetowti. 
SAiiKATCiTEWAi?: Lef[^atLi¥ Llhraiy^ 

Cmoitf; ChScf Sm^tary'H OKloe (Record Department of the LibraryV, Colombo, 
Chuta: KaLlounl Llhraiy of Petplof, 

BouimcAs Refubuo: DEblloteco del Senado, Cludnd TmJUIo. 

Ecuapob: BLhtloterii NaclonftI, Onifo- 
Buate3laui; EJbltotecn NaclonaK Goa remain. 

IlAm : Blhllodi^ui! NutlonaJOp Fort'an-Prlnc^.v 
UoNoima! 

Bfhlioteca 7 ArebiTO Naclonalea; 

hEinlatGrln de Relaelonefl Exterlorea^ Te^dgalpa^ 

Tcelanp: National Library, BoykJflTllL 

iNotA: 

BsnoAL: Seerttary* Benpil LO:^a]atlTe Conc-cil DepAtimear. C^aincll FTociBe, 
Caicbtta. 

OinAa AED Qfissaz R^renue Depnrttnent, Fatiin^ 

Ro^qiay; Undersecretary to the Gotemment of Bomluiy. Graernl Pepirb 
mentp Bombay. 

Dusma; Secretary to tbe GoremmehC of BarinnH Edtrcatloa Department, 
RaofrooD. 

rtrwjAa: Chief Secretary to the Government of tbe Punjnbp Lahore. 
U^tni? ^10^7:^01:9 OY AcaA OtTtiM: UDiTeraity of Allahibadi Allahabad. 
Jamaica: CotaaLal Secretary. Kingston, 

LtaEatA t Dripartnieat of Slate, MonroTla. 
ilALTAt Minister for the Trefi&ary, YaUetta- 
NEwrouNnixAim: DepnTtment af Hotne AffalTs^ St. John'e. 

NicABAOtTA! Mlai^teHo de Keladonee BiterEoris, Manngaa. 

Panaua; Miniaterlo da Eclnclonea Extcrlorefl^ Panaioa- 
PAwAntiAT; Secretarlc de la PreAldencIa de la Reptibllcn^ AauaclOn. 

Saltadob: 

BIhl [Dteca NaelonaJ, San Salvador, 

Alinliterlo de Relaeloiies ExterlomH Ban Salvador. 

Thailand: Department flf Foreign AlfalrB, Bangkolt. 

Vatic AS Cnri Blbiloicca Apostoilca Vatleana. Tatlcnn Clty^ Itily^ 

lNt1OT"APUAMEKTAirr EXCSHAXCI GP THE OfPTClAL JOURNAL 

Tlie number of depositories of the Congressional Record and, Fed¬ 
eral Register was reduced during the first 9 months of the year, the 
number forwarded being 71- Those sent to the following countries 
were discontmiied in ]Harch 1942: Gibraltar^ Hungary, Indocliina, 
Netherlands Indies, Kumsnia (2 copies), and Vatican City. In April 
1942, tile sending of the Congressional Record to foreign countries 
through the International Exchange Service was discontinued for the 
duration of the vrar by request of the Office of Censorship. 


66 


ANNUAL HEFORT SMITHSOXIAJN’ RJSTITUTION, 1^43 


DfTOilTOBlfa or CDNaB^BIQ^AL KJCCOSS 

AmarjiTiTfA : 

BKblloteca del Congreso Noclonal, Buono^ Airea. 

Cdmarti do Diputadosi OBcLna do loformacK^ti ParluEaentDrlA, Bqcnoa Alres- 
BdIoUo OBcEa] do la EopUbUca Ai^ontLiuL, IllnJaterJo do Joetlcla o InatroeciOa 
Pdblica, Buoiipa A^tcM. 

AqamAiJA: 

ComtDonweaJtii FarlUiiDOnt and NatlonA] Hbtary^ Canbomt. 

New South Wau&s: Library of Porlianieat of New South Wales, Sydney. 
QmxisBMirD: Claicf SecretAtys Office^ Brisbane. 

WiifTEBW Au9mAE4A! Ltbmry of PerlEament of Western AustmllHr PertlL 
Bbazil; 

Blbnotecf! do Oonfresso NbcIodoI, Rto dft lanOLro. 

Amaeo:tas; ArebiTOp Blbllotecn e ImproiiaA Ptiblicftp Mnni&oa. 

Bahia s GoTcm ador do Eatado da Bali^n, SAo Suliador, 

KeriETm ^Kiami Presldencin do H^tado do Eaplrlto Santo, VSrtorta, 
lUo GaANDE DO Scl; ”A FtedemeSoy" Forto AJe^rt. 

Ses^oife: BSblloteea Publica do I^tado de St^r^lpep Aracajd. 

Sio pAtna: DIarJo OfftciiU do Estado de SAo Pantop SSo Paulo. 

BranBE HoirncaAa; Ooloidq] SectetnrTi Belize. 

Ua.^ada : 

LJbrary of ParlLaciont, Ottmra. 

Clerk of ibc S^natep nouaea of Paxil amen tp Otfnwa- 
Coua; Blblloieca did CnpItollOr Babana. 

Botpt: 

Cbambre des D^put^Sp Cairo. 

Senatp CatTo. 

Ci£AT BniTAijf; Libra ry of the Foreign Offlec* London. 

GvAT&U4iiAf BIblloteca de la Ajsamblea LeglaMtlTap Cuatemaln. 

Hajtt: BlbnoEh^qne Natlonale, Fort-aii'PrJnce 

HoxiiUftAn; BIblloteca. del ConEreso NaclonnU TegaclEzilpn. 

l!fDiA: LegifilatlTe DeparlineDt, SlinliL 

liAH? Ubraiy of the Iranian Parllam&nii:;p 

laA(j: Cbnmbet of Deputies, Baghdnd- 

iMan Free State: DjiU BIrentiiip DnblliL 

LEAGiiEaF NAno.^e: Library of tbe lA^gnenf Natlonn* Oeuern^ Swlfietland 

; MlnE$t-6Te dcs Finances do la H^ibllqne LlbanalaOp Scrrice dn Mntlrlel, 

Beirut. 

LfmatTA : Deportment of BlouroTin. 

Mexico; Dlreccltin Cenemt do luformacldi^ Secretarfft de Gohernacldii^ Mexico 
D. F. 

AotTAscAijxNT^; GobcmBdor del llsindo de Agnnsrnlieutesp Agiiaacnlente& 
CAiiPECHEt Gebemador del E^tado de Comriecber Chmpecbe. 

CHiADAfi; Cobemndor del Bstado de Cblapos, Toiila GutEerret 
CHTHuAnoA: Cebernador del Eatado de Cblhnahun, Cbibnohna.. 

CoAuoiLA: Pcrl^clEco Oflelal del Bstado de Coabulla, Palacio de Goblemo 
Saltillo. " 

CotiuA: Gobemador del Eelado de CoLlma, ColtmiL 
Duoasgo: Gobcniador ConatltnclGaal del I^tndp de DtitnngOp Dumnea 
GTTASWDAto; SflCftrarto do Goblerw del Estado, Onnnajuato-' 

GmSBESo; Oobemador deJ Eatado de Guemro. CblliuihcliiEii. 
jAiTfiCo: BlblEoteca del EstadOi ODada3n5ara. 
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Mceicd — C oatlnnecL 

T jiPTFn CAiJTDBJrt A : {JobetundoT Dlstrltio Nort^^ M&iicfllt. 

M£xioo: Gaceta fleJ GotJetno, 

MJc^aA□Alr: Secfetada GcDcml de Goblemo del E^Udo do MIcliooeAn, 

Manila. 

Mnnnju a ■ PalActo GobEemOp CuersaTacBL 

NATAETf: Qijbemsdor d* KaTfl^lt^ TtpEc. 

Nu^^o Le^^t : BLblEoteca del EstfidOp BloDterTej'+ 

Oaxaca : FeriMlco (KIclal, Palacto do Goblcraop Oasata, 

Fuepla: Seeretarla GetiE^I de Gobierne, Puebta^ 

QuoUfTAiao: Eocretarl'a Geatral do Gobierno, flwcEdn de AiebtTdi. QoerdUirDH 
Sah Ltjib Forod : Congriwa del Kfitadop Sao l*nlB PotoaL 
SiNAii>A t Gobemador del EsLado de Sliutloai Cull&o£ii. 

Sdtf D&A : Oobernador del Estado de SonerQ, Bemoalllii. 

Tasasoo; 3e<;:reiarla Gcaerol de GobEornOp Seeclda Sa^ Baintj do Ptobki, YIHui" 
b^rmosa^ 

TAMAunpAa: Socretailii General da Goblemop Vktorlap 
Tlaicala ! Secretarlfl do Geblenio del EstadOp Tlaxciila. 
ywRAmnz.; GoberDador del Estodo do VeracruE* DepartameDto de Goberoa^ 
dd£i y JustldBp Jelapa^ 

TucatXn: Gobemadar del Estado de TncaUln, Aldrlddi Yueatin, 

Ne^w Zeauuto : General Assembly Library^ Welllegteo. 

Prsa-^ Cdmara de Dlptitados^ Lima. 

SwiTEEBLAJTD ; B!b]lotbjN]ue de rAa3enibl4e FWferate Snlasc, BeraCr 
Bee:?: StaatsikaiiEleL des EaoloiiA BerUr 
St. Galles I Blnat^aDT.1^1 <le« Kantoni St. Galleo^ 

ScRArrnAijHEs T Stant^anElel dea Kaatons SchafOiauaea. 

Zl^aicn: Stantsfeanzlei des Kantona Zdrlcb- 
TuftKsr: Turkish Graad National Aascmbl^^ Ankom. 

Ukio:t or Bocth Ajejca: 

LIbrao' of PnrlSameatp Cape Towd, Capa of Good Hope. 

State UbrnrTp Pretoria, TmnBYaaU 
JJmmvxTi DIsrIo Oflclal Galle Florida 1178, Motitarldeo. 

Veketel.^: Blblioteen del Ck^agrtfio, Caracaa 

FOURIGN EJCHANdt AGENCIES 

Tha folloTrijig is a liat of bunenus or agondca to wMeh consignments 
nro forwarded in boxes by freiglit when the SenHcc is in full opera¬ 
tion To all countries not appearing in the list, packages are sent 
directly to their destinations by mail. 

UST or AoCNcniia 

AiOEEUp tIb Franee. 

ANOOtAp ria rortu^aL 
AustUa. Tia Genminy. 

AzoEia, tIa PortiigaL * * * - 

UTrtjzTjru • ^rrlee Beige dea F-ohanEoa luteniatlciiMtiii* Blbllolbtaoe Royale de 

Betglqoei BmioUes. 

Canait IsiANbS, via Spain. 

China: Boreeu of Internatioaal Eicbaage, Ministry of RtlnMlIm. nmngkltvg; 
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CzicttoBLovAiaA: Sen: toe ijes fvctmn^ lutcroatic^bHux, BtbllDthf>«itie de 
]'A$8^iubl^ Xutlanata Fniguc l-Tn*, 

Uans^iH des Ecliaagi^ Interna tlonaui, D^aske 

VldE^$^a]>erDeri SehlcRb, Cni>enhflgen Y. 

EoYFt: Government Preaa; PnbUcntlons Office. Buliiq, Calm. 

MjtLAND: Delegation of cLe ^ScrLcntlfia aocJetle& of Fliilaiidp Ka^^rDEatmi 24 

B^mnkL 

SeirJcc FrartpiLi des Echnnpi& InteruntSonam, Rue de CreuE^le 
Pnrla, * 

OEE>E,i?nr; AmerSkn lmintut. Unlver^tltattu^ % Berlin, N, W, T. 

Gimt BmxAtx A^TD iKEn^Nji: Wteklon & Wesley. 121 North Cirrnlar Road, 
Wlllesden, London, NW. S. 

HifftOAHv: HungarJnn Libraries Boiirtl, Ferenciekiero 3, Budapest, IV+ 

Tnuia: Superintcmlcnt of Govenjnieiit PrlntJn^ and Stoiionerj, RemhrLr 

ITALT^ Ufflclo degll Scamhl Intemazionllp Mlotstcro de]| Edtioiilorie NaEionale. 
Bonier 

EsoLunee Senflw, Imperial Library of Jjipftn. tTjeno 

xoicyoH 

Schnnfiw iDterimtlonaui, Blbllotbi^De rt'fttat de Lettonle, 

Luxemwoubo. via Eeiginin. 

Madaoabcab, Tin France. 

MADiiaiiA, Tin Pnrtni^al. 

MnzAMiUfiiiTE, Ttn PertngoL 

X^irixLAitna: IntemnttDiifli Exelmnee Bqrflan of the ^ellieriands, Roynl Ll- 
brnry. Tbe Hfigno. - 

Skw Soittr WuKrt; Public LI bra ty of Eoulb Wales, Sydnay. 

^■EW SSe^Mm}; flencnil Aesembty Library, IVoUtnptoru 

Smwat; Serrlw Notr^fflon dea IlchnnBes Interna Horn, «r. BlbUothhme de 
PUnlTorslt^ Roynlp, O^lo. 

PALTj^iise: Jenlsh Nntlonni and UniyerBify LTbrary^ Jeriisateni^ 

Scrvke roionalF? dcs Ccbanses Interna tlonaux, RlhlLoth^ue Xattonnlo 
Wnrfinvf. 

PottrCDALE Sen-flo de Troeas Intemaclonaes. Bihlloteca NaeloMl, Ltihom 
Bnrenn of ELteliaoges of Interact tonal Pohllcations, Chief 
tflry^s Offlce^ Brisbane, 

RtruArciA: ailnlet^re de Id Propagnmlo Stttlonale, Semes des ^(amnirefl Intei^ 
nntlooniLi, BnehnnesL 

Poimi AUflTBAoA: Snnth Anstmllnu GoTornment EicbnnKes Bur^an, Govom- 
merit PHntitig and Station pry Odlre, Adelaide. 

SrAis: Junta dc IntcronmhEo y AddinItrldfin do Libros j Rprlstn* luirn SlhHofr- 
fflfl PribTIflia, SfinlAterJe de Bditcncltln NaclfmnL ATonlda Calvo fjotsio 20 
AfadrEdn ' 

Swmrv: KiiiijjlTmi BEblioteket. Stockholm. 

fficboDRca InieranHooaui. Blhllothfiflue Can- 
ii^ie FftipniTe. Beme. 

TABMAjeiA: SHTCtary to iho Premier. FobftrL 

DciMirtnittit of Printing nod Etiffrnrlnic. 

ClnoH nr Soimi Amtca: Onveramenr Printing nnrl Stationet^ Once Cbpe itorra 
Capo of Good Hope, r i^- 

HEPFDuca: iDhTDatlonat Itook Ewbaup, Depart- 
ment Society for Cnllnnil Rclnrlonji with IVrelgn CoiiDtrlei, Moscow, sa. 
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VicroaiA: Public Llbrnr^ ut Viciorln, At?lb<?utiit, 

WEa'L'EBx Aum^UA; Public Llbnirjf o£ Western Aiu^traliUH Perth. 

YtTcoaLAtiA: SeeUoo des ^icluing^ laternmtionuui, Alinlsc^re dea A£Qiinm 
^truug^rea, Bdj^tndc. 

C* W. Shoemaker, Chief Clerk of the Exchanges, was rt^tired on 
November 20, 1941, after more than 59 jears of sei"vice with the 
Institution and after Imving worked 11 years over the atatutoiw re- 
tiiTmeiit age of TO. In this connection it may be mentioned that the 
International ExcJiange^ ie noted for the length of serviee of some 
of its employees, 11. A+ Tolson has serred tinder the Institution for 
more thon 61 years and E, Gass for 55 years, 

JResfuxit fully submitted. 

F. E, Gass, Atitinff Ukief Ulerk. 

Dr. C. G, AnodT. 

Secr^t/iry, SmitAs 07 ti€t:n Institalmn. 


APPENDIX 7 

REPORT ON THE NATIONAL ZOOLOGICAL PARK 


Sm i 1 baTO the honor to submit the following report on the operas 
tious of the National Zoological Park for the fiscal year ended June 
30,1912: 

The regular appropriation made by Congress was ?S39;260, ail of 
which was expended with the exception of ?4,000, which represents 
savings of salaries for positions not filled, 

PERSON'NEL 

In common with other agencies, the Zoo has had considerable per¬ 
sonnel turn-over, losing a number of its capable employees through 
transfer to military service. These have been replaced, aa far as 
possible, witli employees who will serve for the duration and until 
the return of the regular staff. 

IMTIlOV'EaiENTS 

The cessation of W, P, A. work and tho conditions resulting from 
the war have prevented the making of material improvements. 
Before onr entry into the war, a small amount of work was done at 
the reptile pit in front of the reptile house to improve its appearance 
as a natural habitat area. 

NERDS OF THE ZOO 

The needs of the Zoo remain tho same as outlined in previous 
reports. On account of war conditions, no request is being made for 
unusual expenditures at thia time. 

VISITORS FOR THE TEAR 

Tlje attendance for the year was slightly more than that for lost 
j-ear. The tire and gasoline rationing which went into effect in late 
spring brought about a perceptible increase in visitore by bus and 
Etreelcar and on foot. 
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Th& attcikdanee of orgunizatian^^ mainly classes of stiidents^ of 
which there is definite record, was 10,660, from S12 different echools 
or i^ups in 15 States and the District of Cohimbiiu This largo 
decrease from last year of visitors in this group was due mainly to 
restrictions on chartered bna travel which went into effect the first 
part of June, a month during which the largest number of schools 
or classes usually visit the Zoo. A complete listing hy States follows: 
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iVfi in preceding years, a eensns wa^ made every afternoon at about 
S oxiock lit the curs parked on the ZfK* ground. During the year 
56,585 cars were so listed, representing everj' State In the Unioiu as 
well as Ala^ika, Bnizil, Canal Zone,, Ihiha, (hiatemala, Haiii, Hawaii, 
ilcjticu, Puerto Rico, PiiEiumu, Phi]i|ipinc Iwlandi?, and Yene^uela. 

Til is count is not of value as showing a total attendance, but only 
as indicating tlie percentage of attendance by States. The recor<] 
for the year sliows that the District of t'oliiinbia aiiti^mobiles com¬ 
prised 39 percent, Maryland 22 iXTCent, Viigmia 15 iJcrcent, Penn¬ 
sylvania 4 percent ■ and the remaining 20 peiceni were from other 
States, Territories, and wmntries. 

Tho fittendanec at the Zoo inflect.*!? clianged conditions incident to 
the war. Formerly there were relatively few visitoi's in the early 
days of the week and in tlic mornings, but now Ihere is a pronounced 
increase during tliese periods, ^fo that the highs and lows of attendance 
are less pronounced^ 

Owing lo tlie large increase in WflHhinglon popuhdion, the hxra] 
attendance at the Zoo has so increasetl that it offsets the decrease in the 
number of transient visitors brought u\yout by the ciirtaiJinent of 
aiitomobiie traveh 

Large numbers of men in uniform are enjoying their first oppor¬ 
tunity to visit a large aoo, and some groups nf injuml or sick aro 
brought nurses or Red Ci^oss drivers. The Zcjo continues to- l>e a 
regular study ground for art and biology clo^s^ as well as an im|X>r- 
tatit foesd point for letters, teiephone calls, and personal queries 
regarding animals, their behavior, and methods to be followed in 
preventing or remedying injuries from anini bI s, how care for 
animals, and many miscellaneous questions. 
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AIIMIAXD PRECAUTIONS 

So far as can he learned, the experience of other zoo$ in the nar 
area suggests that the Kational Zoological Park Trijl probably be one 
of the safest places about Washington during air raids^ By the very 
nature of the construction of most of the cageSj it is practically certain 
that any dangerous animal is-ould be killed if it were in a cage 
damaged badly enough to let the animal escape* 

The Zjo Ixas endeavored to take precautions to provide for such 
contingencies as may arise. A number of key men have received 
instruction regarding incendiary bonihs^ gas ^mbs, and first aid, 
and the entire organization has been instincted and drilled in taking 
their respective |x>sts during daylight teats and raids. The personnel 
has been divided into grouj^s, so that in the event of attacks becoming 
imminent, the practice will be In«iugurate<l of requiring some of the 
personnel to remain in the Zoo overnight, in order to be availahle in 
the event of emergency* This is with the idea of having trained men 
for emergencies at night, as well as during daytime. 

ACCESSIONS 

tlzt j} WOEK 

Oi) account of world conditions, tio expeditions were sent abroad j 
heDCo tha Zoo did not receive the large numbers of animals tbat are 
usually brought in by such efforts. 

Gina 

Among important gifts during the year was a jnagnificont Texas 
longhorn steer finm the ranch of Cbl. T. T. East, brought to Wash¬ 
ington through tlie courtesy of the Texas and Southwestern Cattle 
Raisers Association. The animal was presented to the 2Joo by the 
Texas State Society through the Honorable Wright Patjnan, and, as 
tlie first of its kind ever to be shonvn m the colkction, it has attracted 
a great deal of attention. 

A pet mule deer fawn was raeoived finm L. S, Marriott, Soda 
Springs, Idaho. Dr. Carlos G. Aguayo, of Habann, Cuba, presented 
a very rare Cuban crocodile (Orocodylu^ rhoTnififer), the first ever 
exhibited here. Otto Martin Locke, of New Braunfels, Tex., pre¬ 
sented a large number of horned lizards and a nine-banded armadillo. 
From Kenly Chiles, of Washington, D. C, was received a guenon 
monkey. 

Dr. Thomas Barbour, Director of the Museum of Comparative Zool- 
ogy at Cambridge, Mass., presented two extra large and fine specimens 
of the African lungfish, which he had kept for observation since XBST. 
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JX>NORS AA'D TlIElE 

Dr. Carlos G. Aguijyo^ Hubujui^ Cuba, Cuban (zroeadiliiL 
Gr B. Aribur, WAablELEtoM^ Dr C., cummciD mLliLt. 

Clarcnco Attwood, EorJrrilli?^ MiL^ tlUL-k hnwkr 
Baltimore A Oiilo Frel^t Wa6bJllgtou^ D. C i ikuule. 

Dr. T. Sarbciir, CPiubHdgU, 2 Afiknu Lun^b- 

Carl B^te, Wu^Ltiiietou, D. C^. iruy fux. 

Ekieur Beckle^, Wit^lisgtou. D- C k Ji^tit bn\%'k. 

Mr. mid Mrd. B- A. Bower, Mount BnluEcrp Mil, T canarleSv 
D. Bre^Etbuii, Wn^djin^nn, D. C, ablator. 

A- Brnwu, Chevy Cbasen f^inei.<!h owL 
J, A. BrjFaiit, Wnverij^i Va-, niter. 

Butb Biicbiinun, Wm^btn^fnn, D. C. ^nias iiurof^net 
Mis. Frank B. Cbnsc^, Takonia Fiirk^ Md.t Pekin duck. 

Kenly CbUes^ WQshJug-tbu. Dr C., green guenou. 

i. A. Cinrk, Silver Sptlug, Md., gcldeo pbensauL 

Marvin CoiiiL'a nod UUI Wrlgbt, WA^liIngtan. D. C., nlilgntnr. 

Brtlpb H Dar* WaHhliigteiL, D- Cr, bomcd linird. 

Mrs, L DEggiSt Berwyn^ Md-, Spurfow liUwk, 

Barucy DlMnrib Emjairla, Fiar, boi tortoUe. 

Cttnrles F* Dodge, Waoblngtont atmrp-Ehlimcd hawk. 

WUllum H. Dorsey, Arllnetun, Vrt.* alllpitDr. 

Cnlr T. T. Easr, HebbroavHtt% Tqt., Toms lungburb eteerr 
Col H. B, EasEwiHid, WnshlngEoii, D- Cr^ cominion mbblt. 

Don. Clyde T. Bllis^ Wasblngtun, D. C., opo^sunL 

Ald^n Erntts ifctid CetirgE Clnrke^ WosMngtob^ D. C, copperbead. 

Mra L. Etilib Wu^hlugLuo, D. Cr, oUienior. 

Bobert J, Feeney, Wakhiugton, D. Cl, fclretr 
Dr- J. H- Ferijuson, Wasblugton, D. C.* bald eagle. 

Fish and Wildlife Sendee, Pawtwjent Rcisearcb Refuge i tbrqugb Ford WlllkJe, 
2 barn otvla; throngb C. Lilnculnp Waablagtenp D. C-p Lybiid dnek; tbmugb 
P. T. BiauntoUp N. Duk.r 4 HuCeblns geese, 1 wbiie-fronted 

throiiBb Wlllhim C. Buaeli, Edentotip N. C-e great blue lieran: tbmugh John K 
Hamlet, Washlngtoiir D- G., IG cottua ruls^ 2 soutliern pocket gopbei^, T rulilid- 
tniled wowi ruEs, & nrd kangaroo rata, 4 eollared ItordSp 3 eoackwliEp suakeai 
2 striped racenjtioere, wblp-tulled Jl^rd, lit Holbraok'^ lizHPl?. 

Mr^. E. H. Hsber, Wnahlngtoo, B. C> xebro. dneb. 

James B. For, Waablnglon, D. C# goabuwjt. 

Paul Fundcubergp Fort Laudenlfttet Fio~, marlue turtle. 

Kathleen GarvEn, Chevy Chase, Md., box cortolse. 

Mrs. J. F. GaiM. HyuttsvIEle, Mdr^ 4 east pro wensela. 

L. J* GanrhlflFi WnslUngtonp D. Pekin duck, 

Mre. Maleobn Gt'orge, Silver Spring, Md., yellow-naped pnrroh 

Jane GlhhObs, WF^aliliigtoa, D. C., bdrlJiHl lEmriL 

A. F. QEbsoD, WEisbington, D. woodchuck Or grouud bog. 

Rtchnrd GoetSr Witldor/p Md., 2 red tailed bnwka: 

J. S. Ooldamlth, WasbEngtdti, D. C.p G box tortoises, l^ pJLluled turtles, pilot unnke. 
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Bart Greeuwuodf SuiItbBODlan lnEtltutloa^ W&isbliisEoap D. 2 b^uU^^h 
red-sbouJdered bawkSp ^c^lgrn dlarnoad-lutck ratllesnake 
Mr. Gr^asoDi D. 2 buodod rattlesiiake^. 

Mrs, F. R Huas, Kenwood, Md.n 

Wlnltree Baili WABtdw^ton. D. C.» nlghi Lnwt 

M, W. HskrkSnSr WB^n^rton, D- <1+ rln^-ciacked pliensant 

iL HcEbcr^, ArllnglDiip Va,p opossum. 

A, McUn$» Takotiiu Park, M-ilp rbcsus tncpfike^'. 

Henloplo Giune Fnrms, MUtota, Del, 2 rLc^ntck^d idieasaliLs. 

A. S. HennlDg; Wa^ULudt^iii I>^ C., flying ^^blrrel. 

It W. Hoarkb and B. F. FarrU, WaeblngtODp D. e. r€d fot 
Fifd Hll], WiLBlilnEtoDp D- C., Kkiink. 

KusseJl HIU* WftslilDStoti, D. C-, gteat horned owL 
EUa Hotmes, WaAbloftoiit D. eommou ruUbiL 

B. F. Humpbre^r* Wdshbeton, D. C, blacksonke^ 2 chidkon snakea, 2 water 
snakes, ^rter Euiike^ 

R, F. JoliELsonp WeifibLn^ion, D. C.p rbcaus monkey, 

Mrs, Lh JoneSt Waalaln^onp D, C-* red, blue^ and yellow macaw. 

Mra W. A. Justice, Etl^ewntei, Md., double yellow^hDnd parrot. 

Mrs, J. K. Keclp WosliUigton, D. C«i coMmOQ marmo^t 
Gall and Lynn KerwEii, Wnsbington, D. C-p 2 white rahbEta. 

U, Takoma Park, Md,, opossnm. 

W. M. King, WnshEnetoti, D. C-. snapping tnrtlo. 

airs. B. Kmsnlek, Chevy Cbaae, M±^ cooimon hofl^ water snake, 2 fence Uiards, 
2 brown skinka, 5 glnEs snakes or Jegim llxardSp 11 toads, 

£. D. Lambert WosblngteUp D- C.| woodcbuck or ground bog. 

Otto M. Locke, New Braunfels, Tex., IQO hcraed llzardSt d^bonded amuidJIlo, 
A- Loverldgc, Cambridge, Mn^., 7 turtles. 

Col. T. H. Lowcp VVii43blufftonp Dr G-, barred owL 
Walter LucaSt Wasblngtoop D, a, gray fax. 

W. linnafleld, Wosblngton, B. C.^ common rabbit 

L. S. MarrEott, Soda Springsp IdabOp mule deer. 

n. a MatbeWi New York Aimnrlum, N^tv York, N, Y.p boa constrictor. 

Mrs. B, ktotteosslan, Betbesdo, Md., 4 dying siiulrrcls;, 

Mr. May, Wasblngcon, D- C„ chain or king snake. 

Adnm a. McAJJlster and Mlcab Naftalln, Wa^ilngton, D. C.. brown but. 

IL H McClnret Washington, B. C,, 2 .^dae chamdeons, box tortoise. 

ML JifcClnrc> Wnshlnetou^ D- B, alilgator* 

Mrs. j. C.^ lleUslei Washington, B, C„ 4 grass paronuets, 

F. G. Motcolfe, Wasblngtoon D. C., wMio^ibroated capuebtu. 

Metropolitan Pollee, Frcelnct No. 12, Waahlogton. D. C., museOTy duck. 

R Millerp WashLngteUp B, 0.,^ & opo«»iiiQ& 

W- S. MorlaUp Wosbington, D. C-p bog-nosed snuko. 

M. Mpserp WnabtogtenH D. barred owL 

Mrs. J- Murphy, Wosbtngtonp B. 2 grass paroquets. 

Martha Noland, Wu^Eagtan, p B, alLlgntor. 

A, PftrseD. Buena VL^ln, Ta., banded rattlesnake. 

Mrs. Peterson, Wii^hlnglon. D. C.| »mnU llncb. 

A, Sh PoUto, Waoblngtou, B. B, bam owl 
J. J. PortCTp BbtIs, Okin.p bald cngle. 
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li Poston ^ WqslilnEton, D. soft-slsGlIed tnrtlo. 

Mr. and Mrg. W* J. Pmtoii, Baltlinore, Md,, 2 bt^liop weavers, 

BoTiny field, WasliiDgtoD^ D. C-p Pekla duek. 

Naocy Reynolds. Wa^hlugtoWt D, C-* S PefeEjl ddi^-ks, 

Mrs. E_ H, IUiode9, Washln^oii, D, Or, opaSinim, 

H. M. Klee, GeimantciWQ, palatod turtle. 

J. L, Klchardso», Blchmood, Ya,p rhesus monkey. 

Bertrand RobbEnSp Waslilagton, B. C., elialo or king snake. 

Lonfs BaliDp Inc.^ New Ycrk* N« T^t 2 collnjfed Encli billed batbnls, 

Samuel Russell, Waabln^toitr 1>, G., 23 homed lizards. 

Mrs, W, Rqticdge, Waslilngtonp D, C, 2 Pekin dtieka^ 

San Diego ZoOt Bnn Dlego^ Oftllf-* kbikajosit 3 rJug-tnll or eacomfslle. 

Walter SehiaEdt, Eetfaeeda, Md., nllEeatoT. 

MrsL W. 1., Bchulierh Washington, D. common rabbit. 

D. S, Scottp Wftiililiigton, T>r C, oopperliead. 

Col. Sbalerlndd, Clievy Ghasc, Md.p alligator. 

Mrs. Joscpib Smltbp WoshlngtaD^ D. C , grasa pnroduet. 

Daisy Rice Spradlingp Athena, Tenn., bnnded rnttle^nke. 

Corp. W. D, Spmase, Tienna, Va.p red foi. 

James StaRlngs, Washington, D- Ct alligator. 

Mrs. Sr Stanleyp Greenacres, Md., Pekin duck. 

Mr. Stone, Wordman Park Hotclp WaaUlngtoii, D. C.p duck hawk. 

W. W. Swaggartt Waalilngton, D. C, eanBiy. 

Mre. George Swanson, Mount Hainler, Md-, 2 Ptdcln dueks^ 3 Toalouae geese. 
Bertha Sweet, Washington, D. C,* 2 eonimon rabblta. 

Mn?. Tliomaa Terry^ Wltchvlllo, Md., yellow-head parrot. 

D. C Thomas j Washlngtonp p. C.i black snake- 
Ira B. Ttee, Washlngtoii, D. dp Peklu docks, 
li. W. Turner, WuBhlngtoo, P. C-i Pekin ducts. 

T. Tan Hynlng, Gainesville, Fla., bald eagle, 

Senator Frederick Van Nnys, Vienna, Va., rhesus monkey- 
Mrs, Van Pattenp Washington, D. C., Pekin duck 
A. W. Walkor, Takoma Park Md.+ opossum. 

Ernest P. Walkef, National Zoological Park, Washington, D. C* 2 picket pla 
ground aqui riels, golden-breasted monse, 3 True's white-footed mice, 2 grass¬ 
hopper mice, Hopl cblpmauk, golden-mantlod ground squirrel 2 5^toed kanga¬ 
roo rats, fi Ulata ground aQUlrrelo, fl IS^tiHped ground squirrels, 2 northern 
ebiprounks, ID plains loads^ least weasel or ermine. 

Miss V. Walaton, Takoma Park Md-. red foi. 

W, F. Ward, WoBhlngton, D, CL, roocoon, 

Mrs, M- Waters, BethusOa^ Md.^ cottontail rabbit 
J. €. Watters, Atlanta, Ga.K 2 rflCCOonsL 
Jx M. Wcedon, Wnshlngton, D. C-. mascovy duek- 
Fisteber Welch, Washington, D. C., PakJn dndt. 

F. d WeiCsL Washington, D. C„ barred owL 

Mrs, H. E. White, W’asblngtoE, D. C., 2 box tortoises. 

Mrs. H. A. Wood, Wnslilngton, D. Mexican parrot, 

Walter Waensebeh Washington, D, dt painted turtJfe 
Carlo Zcl|^et^ VTenao, Vb„ peafowl- 
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DliriHS 

There tiere 63 Diammele bom, 40 birds hatdied, end S reptiles 


born during the year. 
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A splendid pair of British Park cattle tths received tn esebanra 
from the Zoo at Toronto, Canada; and from W. A. King, at Browns^ 
Tdle, Tes*, irere received 6 Tucalon jays, 4 Mexican caciques, a pair 
of ^)dcr monkeys, 4 red-bellied squirrels, and a pair of West Hieh- 
land or Kyloe cattle, ^ 
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{■tmCBASES 

Important specimens acquired by purchase were n secretur; bird; 
a number of South African snakes, which were obtained fi^tn the 
Kitzsimoiis^ Snake Farm, Durban, South Africa; 6 tw'o-toed aloths; 
a pair of raccoon dogs; and a pair of East African wait hogs. Also 
purchased during tlie year were a pair of guanacos and a pair of 
single^humped camels. Tliis provides specimens of ail living forms 
of the cornel family. 

ltEMOTAI.R 

Many of the poisonous reptiles have been removed from the Zoo, 
leaving so few in tbe collection that they can be instantly disposed 
of should the occasion require. 

In tbe report for there was described a very serious loss of 
birds resulting from an epidemic of psittacosis in the bird house. The 
biril buusa was closed to the public for about 3 months, and at the 
beginning of this fiscal year the parrot tooiii was still tloEed, A 
release from quarantine for the parrot section was received from 
the District of Columbia Health Department on September 27, 1941, 
and the room ivaa reopened to visitors several ditys later. 

Through splendid assistance and coopei-atiou on the part of the 
United States Public Health Service and the District of Colunibia 
Health Department tliia disease has been eradicated. Suspected birds 
that die are sent to the Public HpbUIi Service for examination, and 
for nearly a year the results of the examination have all been negative. 

The principal losses for the past year have been of very old resi¬ 
dents. A sulphur-created cockatoo, which was presented by Eichard 
and Harry Hunt, Bethesda, Md., April 19, 18^, before the present 
Zoo WHS actually established, died June S9, 1912, after 52 yeura and 
2 months in the Zoo, It had been a put of the Hutti family for 5 
years before coming to the Park. It had come to the United Statea 
in A sailing ship around Cape Horn. 

The femnlo reticulated giralTo which had been rccei’V’ed June 21, 
1939, died April 24, 1942. Other losses by death of animala which 
also had been in tlie Zoo for long periods included an Alaska Pen¬ 
insula bear in the collection 19 years; Baird’s tapir, in the Zoo since 
May, 1924; and a Malay porcupine that had lived here for 22 yearsL 

The American bald eagle, “Jerry,” probably tlie most photographed 
bird in the world, died April 15, 1042. It had come as a gift from 
President Wilson and had been a Zoo resident for 26 years. Photo- 
graplis of “Jerry” were used os models for tbe eagle on our defense 
posters. 
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As usual, aU specimens of scietitiSc value that died during the year 
were sent to the National Museum 

SPECIES SEW TO THB HISTORT OF TEIE COU^ECl'lOlf 

Very few exotic specimens were acquired during the year, and these 
were mainly rcplaoements. The collection was augmented by the addi¬ 
tion of three different types of cattle which had never heen eithibited 
hero before They were a Texas longhorn steer, a pair of British 
Park cattle, and a pair of West Highland or Kyloe cattle. 
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Respectfully submitted 
Dr. C. G. Aroot, 

Secret^iTyj Smithsonit^ Institution, 


W. M. Maxs, Director. 
























































APPENDIX 8 

REPORT ON THE ASTROPHYSICAL OBSERVATORY 


Sm: I Iiav^ the honor to submit the following report on the activi¬ 
ties of die Astrophjsieal Observatoiy foe the fiscal yejir ended June 
80,1942i 

WOIIK AT IVASinKGfTOK 
TOPLICATIOT or VOLUKfi <5 OT THK A|T?ffAt3 

The outstanding event was the completion and publication of 
volume 6 of tho Annals of the Observatory* The volume begins with 
extracts from these reports continuing the annals of the Observatory 
operations from 1981 to 1940. Nest, tiie principal researdi on the 
variation of the sun^s radiation is minutely described, with ilJijfef ra¬ 
ti ve graphical anti tabular matter relating to every feature^ Then 
follow 78 quarto tabular pages giving in detail daily results of 
observation of the solar constant of radiation (L e., the intensity of 
the sun’s rays as they exist at mean solar distance outside the earth’s 
atmosphere). This table covers all observations over the interval 
from 1923 to 1939 at Montexuma, Chile; Table Mountnini Calif-; and 
Mount St* Katherine, Egypt. The results are given in IS columns 
for each day, covering not only the final results at each station, but 
the more important ob^rvations leading up to them. For some 
individual dates as many as 12 lines are required. Each page of the 
Annals includes 3 such groups of columns or 3B in all, and each page 
has approximately 80 lines* Tlie enormous task of preparing this 
I able has been mentioned repeatedly in preceding reports* 

Then follows a chapter on the derived results and couclusions based 
on this great tabular compilation, and including related additional 
information for the years 19^ to 1928, derived from volume 6 of the 
Annals. 

As regards accuracy, the probable accidental error of a single day’s 
determination of the solar constant from observations at the stations 
ig one-sixth of 1 percent, and for 10-day and monthly means, it is 
one-ninth and one-twentieth of 1 percent-, respectively. 

Tlio variation of the sun, as our life-supporting star, is clearly 
indicated and between extreme ranges tip to about 8 percent for the 
interval 1920 to 1939- It is verified not only by comparisons of our 
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own radintiDD obsenrations at widely separated stations but by tom- 
pariBon of them with the publications of visual and photographic 
studies of the suii^s surface made at other observatories. Such com¬ 
parisons show^ for instance^ that the rotation of the sun upon its 
nsis in the approiimate period of ST days frequently is attended by 
1 percent change in solar radiation nasociated with well-marked 
changes in the visual and photographic appearance of the sun. 

The vflriotion of the siun is shown not to be of uniform percentage 
for nil colors and wave lengths^ but to increase rapidly in percentage 
toward the shorter wave lengths of the violet and ultraviolet raya. 
For ultraviolet rays of wave length 3500 angsiroms, the percentage 
variation is 6 times as great ns for the solar radiation as a whole. 

Fourteen siniultaneously operative regnhir periodicities are found 
in solar radiation ranging from 8 months to 27S months in periods. 
Each of these is reflected in timiperattires and precipitations recorded 
by meteorological observations of official weather services. Long 
records, eartending for 140 years, like those of Copenhagen, Vienna, 
and New Haven, prove that the 14 solar periodic variations have 
continued in unchanged phases, though perlmps not in unchanged 
amplitudes, during all that interval. Assuming that the phases will 
continue unchanged^ and the amplitudes will he the average of 
amplitudes since 19*20^ a prediction of the solar variation to 1945 is 
hazarded. 

The publication of volume 6 of tlie Annals, in such beautiful form 
and at so early a date, was made possible by funds generouslv sup¬ 
plied by Mr. John A. Koobling. Without Ins long-contimicd and 
munificent support and advice, the research could not have reached 
this satisfactory fruition* It is greatly hoped that it will furnish 
valuable aids to the science of meteorology, 

TaiNBrEmor xne aivisiorr qf OiUjiatecn amu 0BaA^'Jtf||^ 

A second outstanding event of the year is the acceptance by the 
UiircBu of the Budget and the Congre^ of the proposal, stronglv 
recommended by the Eegents of the Institutiou, that the Divisioti^of 
Radiation and Organisms, hitherto for 13 years snpporteil by private 
funds, end hitherto concerned with the fiEndamenta! study of plant 
gro*^ th, be incorporated as a branch of the Aptrophvsical ObBervs-^ 
tory. Since the beginning of the fiscal year 1912. this interesting 
&indamental research has been supported by Congressional appropria¬ 
tions, and lU staff has been a part of the Government Civil Servioe. 

rnffTEIUKEI^TS 

detailed studies of the observations of the solar radiation 
disclosed, as above said, that the percentage variation of the intensity 

of thQ 6UD*s rays b six times as great for ultraviolet rays as for the 
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total of all wave lemgtlis. It also app^red plainiy that the chief 
source of error remainijTig in the determinations arisen from uncer¬ 
tainty of the exact effect of absorption in the great infrared water- 
vapor bands, occurring in a sjnectral region where solar variation is 
almost nib 

These considerations led the Director to de^^se a method whereby 
with a few additional observations using special glass absorbing 
screens determinations of solar Tfiriation could be restricted to the 
spectral region of the green^ blue, violet, and ultraviolet 
Apparatus for such detemiinations was pi^epared at ox\t Washington 
instrument shop and has been installed at all three of the held fitu- 
tions. It has been in regular use at all of them since about July 
1941 in addition to the ordinary observing. 

It also appeared that certain fc3'P^ conditions tended to 

produce uiisatisfactory results hy our present usual methods of 
observing the solar constant of radiationi It seemed possible that 
if in addition to our usual measurements we should observe the 
degree of polarization prevailing in sky light a correction of value 
might be discovered and applied in our daily measurements- Ac¬ 
cordingly three copies of a polarization device invented by the late 
Prof. E. Pickering have b^n prepared at our Washingtoo iustni- 
ment shop. One is already installed at Montezun>a, Chile^ and has 
been used regularly since March 1942. Such instruments will ssjon 
be in use at our other stations. 

Considerable special confidential work for military purpose has 
been done at our Washington bistrument shop under the enre of the 
Director* 

Tlw Assistant Director, ilr. L. B. Aldrich, has devoted a good 
deal of time as n ntember of the Smithsonian War Committee* 

nm4> w^oBK 

Three solar radiation observing stations have been operated on 
all favorable days at Table Mountainp Califi, Burro llountnin, N. 
Mex- (called the Tyrone station), and at Montezuma. Chile. Tlie 
meteorological conditions have been rather less favorable than usual 
at all three stations, but still solar-constant observations were made 
on II majority of days at all stations, ^ 

yew reinforced concrete dwelling quarters for the directors fam¬ 
ily at Montezuma were completed under field director t reemans 
direction and finished shortly before he was relieved by A. F* Mmk 
m July 1041, and m May 1942 the assistant's quarters were rebuilt 

to a coiisidijrable extent. . , 

Improve men te were also made at Table Mountain and Tyrone 
atntions. A new water supply wag installed at tbe foi-mer, and tbe 
drainage of the obseri-ing tunnel was perfected at the latter. 
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REIISONKEL CRAKRES 

A. Kramer^ instnimenl: maker, retired, was restored to the active 
Civil Service at Wadhiogton under war regulations on March 16, 
1642. A. F. Moore relieved H. B. Freeman, resigned, at Montezuma 
as field director in July li^l, and F* A. Greeley relieved James H. 
Baden as bolometric lusistant there in April 1D43. W. H. Hoover 
continued as field director at Tyrone station, reUeving A. F, Moore. 
Thomas Hassard aerved from October 6,1911, to April 16, 1943, os 
bolometric assistant at Table Mountain, relieving F, A. Greeley. 
On Hassord’a resignation to enter military service, he was followed 
by Kenneth G- Bower in May 1942. Miss 5J. M. McCandlish, special 
assistant to the Director, resigned ilarch 1942. 

The following members of the staff of the Division of Eadiation 
and Organisms were transf^red to the staff of the Astrophysical 
Observatoiy on July 1,1941, under authorization of the Civil Service 
Commission: Robert M. Clagett, Leland B. Clark, Earl S. Johnston, 
Edward D. McAlister, and Robert L. Weintraub. 

Respectfully submitted. 

C. G. Abbot, Director, 

The Seceriabt, 

Smithsonian Institution. 
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BEPORT ON THE DIVISION OF RADIATION AND 
ORGANISMS 

Sn; I have the honor to submit the following report on the activitteo 
of tlie Division of Radiation and Organisms during the year ended 
June 30| 19^: 

Many changes have taken place in both personnel and ph^col equip- 
nient of the Division of Radiation and Organisms during the post year, 
hlembers of the Division were given Civil Service status on July 
1941, and the work is now camed on from appropriations allotted to 
the Astrophysical Observatory, The luboratoty has been remodeled 
and most of the rooms repainted. The removal of the pipe shop to the 
United States National Museum made available much needed space 
and has relieved tlie crowded condition that existed. These changes 
brought about considerable temporary disruption in the regular work, 

Diiferent members of the Division liave contributed directly or indi¬ 
rectly to work pertaining to war activities. The regular research work 
may, for convenience, be placed under three group headings: Photo- 
ayntlieais, plant growth and radiation, and development of apparatus 
and methods. 

Dr, Jack £. Myers continued his work with algae on pniblems related 
to photosynthesis until the expiration of his National Research Fellow¬ 
ship grunt in September, He devised a method for the contiuous cul¬ 
ture of algae with equipment built in the Division’s laboratory. This 
apparatus he took with hirn to continue the work at the University 
of Texas as a cooperative project with our Division. The bearing this 
work has on our gmieral program is that of obtaining uniform biologi¬ 
cal material that will give reproducible results under similar experi¬ 
mental conditions, 

Mrs, Florence Meier Chase completed her study on the economic uses 
of algae and submitted a paper covering the subject for publication in 
the Smithsonian Annual Report for 1941. 

Dr, Weintraub has completed a comprehensive review of the litera¬ 
ture on plaut respiration as affected by rudiation. This was requested 
by Botanical Review, a journal which specialixes In the publication of 
comprehensive technical reviews in the botanical field. This review 
is especially useful as a background in some of our investigations, 
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Drs. Johnston and Weintraub have continued their csperiments on 
the factoid that influence the change in rates of respiration. Thisj of 
coni^, is basic ’^I'ork to oiir mam project on phoLosynthesis. Ouf 
results lead one to Ejiieculate on the possibility of the existence of a 
carhon dioxide reservoir connected with the cell meelumisnL It would 
idreem that when the plants are conditioned in air of high carbon dioxide 
content a ccrtuin amount of excess carbon dioxide is stored in the tissue 
so that subsequent naeasurenients of ^"appai^ent respiration” would con¬ 
sist of tlie carbon dioxide liberated by true respiration and that re- 
leased from a well-filled resenroir. If, however, the plants are condi¬ 
tioned in air with little or no carbon diaxide the hypothetical reservoir 
is hi a partially depleted condition and the first few i>eriotls of 
parent rcsi>iration” sliow a gradual increase in rxil^ This would be 
caused by the trapping in the resen^oir of less and less of tlie respired 
carbon dioxide, thereby hberating more and more earboii dioxide 
which could be detected in the atmosphere surrounding the plant. 

Such a reservoir hypothesis, how ever, is not suflicieiit to account for 
all the results obtained. There is evidence in much of our data that 
the humidity of the air plays an important role in this gaseous ex¬ 
change, perhaps in changing the size of stomatal openings. Just what 
mechanism is involved in these plant responses is not yet clear, Hie 
answer must await imprevements of the humidity controls of the 
apparatus. Such improvements are now being undertaken. 

The relationsliip previously found by Dr. Weintraub between light 
intensity and inhibition of growth of the onts mesocotyl suggests 
that two growth proceses are infiuence<l by light; one alone at low 
intensities and both together at higher intensities. Ii: appears likely 
that these two processes are cell elongation and cell diviaioti, respec¬ 
tively. In order to determine the action ^-pectra for the two processes, 
and ^ to obtain an insight into their mechanisms, information on the 
intensity relations in various spectral regions is required. Such 
infoirnation has previously been obtained for a miinber of wave bands 
at low intensities, using a double monochromator. In extending the 
study to higher intensitiest this method is not feasible and use must 
be made of emission spectni funiishing lines of adequate intensity 
and purit3\ Such lines as ore available are now being studied over 
a wide intensity range and the plant material is being preserved for 
future histological study^ 

The action spectrum (maximum activity in the ml) found for the 
mesocotyl inhibition at low intensities indicates the presence in the 
etiolated plant of a photoreceptive pigment possessing m eindlar 
absorption spectrum. An attempt to isolate surh a pigment has been 
begun. The evidence thus far obtained points to the occurrence in 
the dark-growji oats SsCedlingof traces of at least two pigments having 
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absorptioti bands in the red region of the spectrum. Work on the 
isolation and separation of these pigments is now in progress, 

Xn view of the previous finding by Drs. Johnston and Weintraub, 
using the speetrographic method^ that illumination increases the rate 
of carbon dioxide production by etiolated barley seedlings, it is of 
considerable interest to study the infiuence of radiation on the 
respiration of other types of plants. For this purpose the Warburg 
raanometric technique seems well adapted, since both osygen absorp¬ 
tion and carbon dioxide evolution can be measured simnltaneoUBly. 
The necessary apparatus is being assembled and preliminary eBpori* 
ments to find suitable types of plant material and approprinte cultural 
conditions are under way. The data in the titerature as well as 
results already obtained in this laboratory indicate that the effects of 
radiation on respiration may be intiinately related to the previoua 
cultural history of the plant. 

rEKSONJTEI. 

Dr. Jack E. Myers^ whose National Besearcli Fellowship gmnt 
terminated in September^ has been appointed assistant professor in 
the department of zoology and physiology at the Dniverity of Texas. 

lirs- Florence Meier Chase, who has been with the Division 10 
years, resigned on September B* 

On October 1 the services of Dn E. D. McAlister were transferred 
to the Carnegie Institution of Washington for the purpose of carrying 
on war w ork. 

Leonard Price was appointed junior physical science aid on Feb- 
niary 10+1®!^^ 

Mrs^ Phyllis W. PrrFcott was appointed junior clerk-stenographer 
on March 24| 1&4&. 

PXTHIJCATtONS 

JoUNEToitp Eail &. lipmoustrntlnu of eff4>ct of rfldlatloa on or^ntsiias ai 
lUe SmlUisonSan Lnititatfon. ScEcntffic voU ^53 pp, 92-1^ 

l&Jl. 

WEraTKAUB, R0BE;tiT L,, and McAu^stsu, Edwntd D. tJevelopoieatul i]b:h':slo]oer 
nf tbe atiias Boedlln^. I. lubJbLtioD of Ehtt of Avtmn tniitya hr 

rantSnmms exjKWsure lo Ugjir of low JatensJty. StaSihsonliiEi Coll.^ vol 

101. ^’0L 17. pp. 1-10,1042. 

Respect f ul ly submitted. 

Earl S. JouysTox, Assistant Pir^ctor- 

Dr. C. G* Abbot, 

Secretary^ 


APPENDIX 10 

REPORT OX THE LIBRARY 

Sib: I hEive the honor to eubmit tho follo^mg report on the activi¬ 
ties of the Smithsonian Library for the fiscal year enUed Juno 34), 
1 & 12 : 

Wnr’js initial impact upon the normal activities of a scientific 
library is disconcerting and disTtiptive. Publication of new material 
in the combatant countries declines, and such books and periodicals 
as are issned are obtainable with difficulty, if indeed they can bo 
obtained at all. In the important scientific journals gaps appear and 
widen. As a consequence, service to readers becomes more limited. 
The whole immediate outlook for growth and accomplishment is dis¬ 
couraging. 

Since September iDB9 the Smithsonian Library has suffered in 
common with all other libraries of international scope, and as long 
as the war lasts It must continue to suffer from this negative infiuence 
which progressively decreases tlie infiew of material important for 
the work of the Institution and its brunches. After Pearl Harbor 
came the final cutting off of all Importations from enemy and occu¬ 
pied countries. The disruptive effect upon the normal activity of the 
library is graphically illustrated by the fact tliat during the fiscal 
year just ended 4Q5 packages were receivied from abroad through the 
International Eichangc Service, whereas in a recent pre-war year 
the number was 3,104, 

Recoveiy from this serious crippling of the library’s facilities will 
be slow, and the work of repair and of rebuilding will constitute a 
challenge to diligence and ingenuity during post-war years. 

Fortunately, there is a positive, constructive, and much brighter 
side to the year’s activities. Especially is this true of the library’s 
relation to the war effort. The primary purpose of the library in 
normal times is service to the Institution’s many specialists engaged 
in a wide range of studies covering the natural and physical scie^. 
A basic requirement for progress in any line of science is constant 
access to the published results of research in all countries. The large 
body of ^ientific hterature accumulated in the years smee the fou5- 
dation of the Institution for the special needs of its staff has been 
found to provide valuable material of great importance to the various 
war ag^ciea As a result of this there baa been a large increase in 
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ihft reference use of the library, especially in the branch library in the 
National MaBeinD^ including both personal Yisits and requests by 
telephone for information. This has also increased the loan to out¬ 
side libraries, which were £18 more than last year. 

In addition to providing access to published material and recorded 
information, the library has been able to extend it* war reference 
service hy putting inquirers directly in touch with members of the 
staff of the Institution having special professional or personal fcnowh 
edge of various subjects. By knowing where, how, and from whom 
in formation not available in the Institution itself may be obtained, 
the library baa also been enabled to arrange valuable introductiona 
to outside sources. This kind of sendee, through which the hbmry 
functions not only as a bibliographical center, but also as a general 
clearinghouse for information, is expanding and offers promlsipg 
possibilities for more extensive future assishmee in the war effort* 

Upon recommendation of the SmitIonian War Committee and 
as 0 part of the Institution’s program for directing itg flctivities more 
definitely to the war efloi-t, the library was instructed by the Secre¬ 
tary in April to prepare an index of the foreign geographical illustra¬ 
tions that have appeared in Smithsomim publications^ Work was 
begun immediately, and before the end of the fiscal year the index¬ 
ing of the Smitlisonian Explorations and Field-Work series had 
been completed and work begun on other publication sl. Becorda of 
some 2,000 illustrations have been made and hied both alphubetically 
and by regions. 

In spite of the time given to special war activities, routine duties 
of the library were well kept up. The acquisition of new material 
by purchase and exchange, the cataloging of books, the entering 
of pedodicols, tlie preparation of volumes for binding, the keeping 
of Joan^esk records, all are exact and time-consuming processes, 
upon which the smooth fiinctioning of the library depends. Statistics 
of them, so far as they can be measured statistically, iviU be found 
at the end of this report* 

Boutine reference work for the staff of the Institution, fuid tbo 
use of books within the various libraries, of which no numerical 
count is attempted, continued to be heavy. 

Although considerably handicapped by a temporarily curtailed 
staff, the decrease in the number of accessions from Europe and Asia 
bag made it possible for the catalogcrs to devote some small part of 
their time to the recataloging of older materia] that has long needed 
attention. Full use of many of our most valuable series of publica¬ 
tions has always been difficult because analysis of them has never 
been made for the catalog. Accurate identification of references and 
prompt delivery of material wanted are bask to good library service, 
especially from the loan desk, and they are largely dependent upon 
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good cfltalogiDg. It ts hoped, na one of the compensations for the 
decrease in foreign accessions, to be able to continue and extend ttds 
program for making our already acquired resources more fully and 
easiJy usable. 

In the matter of exchanges, a comjjarablc program is in progress. 
With no immediate possibility of filling gaps in our files of foreign 
serials from sources abroad in direct exchange for our own publica¬ 
tions, wo are using, and are studying how to make further use of, 
our large and valnable duplicate collection for strengthening and 
extending our domestic exchanges. Lists of desiderata exchanged 
with other institutions are bringing good results in finding parts 
needed to complete incomplete serial files in all tlio participating 
libraries. Many of our duplicates, too, are given directly to other 
Government libraries that need them. ^Totably, in response to a 
request from the Scientific Library of tlie Patent Office, we were able 
this year to supply 1,524 parts of jieriodicals lacking in their sets. 

QIPTB 

Friends and patrons made generous gifts to the library. The 
Secretary, the Assistant Secretary, and otiler members and collabo¬ 
rators of the Smithsonian staff contributed many publications. The 
American hluseum of Natural History, the Boston Museum of Fine 
Arts, and other institutions with which we are regularly in ex¬ 
change made us special gifts in addition. From the iVmerican 
Association for tho Advancement of Science came 724 publications, 
and 68 were received from the American Association of MntjfmmQ 
A noteworthy gift, numbering some 2,000 items, was the library on 
Copepoda nssembled by the late Dr. Charles Branch Wilson and 
presented by his son, Curi-oll A. Wilson, to the Division of Slarine 
Invertebrates. A card index for use with the collection accompanieci 
iL Of special interest was Mrs. Cyrus Adler^s gift of the post¬ 
humously published book, I Have Eemcmbered the Days, the autobi- 
ography of the late Dr, Cyrus Adler, formerly librarian of the 
Institution. Other donors were, Percy S. Alden, Tlieodore Bolton, 
Willard C. Brinton, L. V, Coleman, Dr. V. T. CoUinge, Afiss Elsie 
G. Curry, Dr. Carl Epling, Mrs. Paul Garber, The Board of Directors 
of the Golden Gate Bridj^ nnd Highway District, Dr. John AI. 
Hiss, B, G, Ingersoll Waite, Prof. James R. Jack, Dr, Thomas H 
Kearney, Dr. Rilev' D. Aloore, Dr. W, L. McAtce, The National 
Society of Colonial Dames of America, Dr. T. L, Xorthup Mr^^ 
Foster Steams, Prof. Theodore Sizer. ' 
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KEBSOKNEL 

Most Ltnportant of Ihu luiusuully largo number of changes on thoi 
staff >Tas the redrement of William L. Corbin os Ubroiian on January 
31, 1D4S, after uiore than 17 years of service. Coming to the Insti¬ 
tution in the cnrly years after the First World War, he wns con¬ 
fronted 'ffith many difficult tasks of rehabilitation and administra¬ 
tion. He gave his best efforts to the completion of important files 
of scientific journals broken by tbe war, to the reestablishment and 
extension of exchange relationships and to the building up of an 
efficient library personnel for the service of the Institution. 

On Februaty' 3, l^S, Mrs. Leila F. Clark, who had been assistant 
librnrian in charge of tbe Xational Museum library since 192l>, was 
appointed librarian of die lustitudon. 

Miss Elisabeth F. Hobbs, head catnloger, was promoted on May 
21, 1S42, to the position of associate librarian in charge of the Mu¬ 
seum library. Mi-s. Luclle Torrey Barrett, who had given excep¬ 
tional service as librarian of the National Collsfction of Fine Arts, 
WHS tnsnsferred to a war agency on February 23, 1042. Other 
changes weiie tbe resignation of Miss Ruth Blanchard on October SI, 
1941, and the appointments of Miss Marjorie Kunse and Miss Marion 
Blair on January 5, 1942. The temporary appointments of Mrs, 
Georgeannii H, Morrill and Mrs. Clara Dick, made during the pre¬ 
ceding fiscal year, were terniiniite<l on December 31,1941. Assistant 
mcssengei^s for short periods were Arthur Gambrel I and John 
Barnes, Samuel Jones, who is now serving, was appointed May 6. 

STATISTICS 

The accessions to the libraries were as follows: 
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EtcJutnpes 

exchi&D|^ fpnmBed: 

For Ums Siiiitb«CFis[mi _ __ 

Her tli€ Nadanal Mu^om Ul?rflnr _ _ _ ______ 127 

For other hnmdi Uhrarles^^ _____ _____ 18 


Tntfll _______ - - __ : . _ _ 220 


rtoeJved; 

Fop tho Smithsoniaii t^pfwiU- _ _ ___1^182 

For th« NAtlonat Uaseotn UbrAiy___ _ __ 2,28ft 

For other brnhob libraries__ _ _ _ . _822 


Total—----------4^040 

Letters written________ 1,561 


CaMoffinff 

Yolumes and pampMotn mtaloged___ _ ____ 4,773 

Cardg filed Id oatalogfl ajid ahelCTatfl ____ _ _20,826 

FerlDdicalfl entered__________268 

trails of books QDit poriodleaLft___ _ O^fiTO 

Volnmea aunt to the bindery-_________1,400 

Respectfally gubmltted- 


LdiiA F, CiuiEKi Librc^rian, 

Dr, C. O. Abbot, 

Secretarn/f Smithsonian ImtitiUton. 






























APPENDIX 11 

REPORT ON PUBLICATIONS 


Sib: I the houor to submit tlie following report on the publi¬ 
cations of Uie Smithsonian Institution and the Qovermneiit branches 
under its adnirnktrative charge during the year ended Jane 30, 1042: 

The Institution published during Uie year 18 papers in the Stuith- 
sonian MisocUaneoiia Collectiou3|. and title page and table of con¬ 
tents of volumes 73 and 09 of this series;; 2 papers In the War Back¬ 
ground Studies series; I Annual Report and pamphlet copies of 23 
articles in the Report appendix; and 3 special publications. Addi¬ 
tional copies of two volumca of the Smithsonjan’s series of tables 
were also printed. 

The United States National Museum issued 1 Annual Report; 36 
Proceedings papers; 3 Bulletins and 1 part each of 3 Bulletins| 1 
separate paper in tlie Bulletin aeries of Contribniiozis fiom tbe 
United States National Herbarium. 

The Bui-eau of American Ethnology issrued i Annual Report and 3 
Bulletins. 

The Aatropb jsical Observatory issued volume 3 of the Ann^ k of the 
Astrophysical Obsen^atory. 

Of the publications there were distributed 162^25 copies, which 
included IT volumes and separates of the Smithsonian Contributions 
to Knowledge, 37j6tK} volumes and separates of the Smithsonian 
ftliscelkneous Collections^ 22^52 volumes and se]3anites of the Smith¬ 
sonian Annual Reports, War R^tckground Studies papers, 2^75 
Smithsonian special publications, 82,545 volumes and separates of 
National Alti^um publications, 11,631 publications of the Bureau of 
Ametkan Ethnology, 6 publications of the National Collection of 
Fine Arts, 3 publications of the Freer Gallery of Art^ 14 reports on 
the Harriman Alaska Ex])editioa, 1,332 Annals of the Astrophysical 
Observatory, and 383 reports of the American Historical Association. 

SMITBSONIAN lilSCEUANEOUS C0l.t.ECTiON3 

There were [ssfued title page and table of contents of volumes 
73 and 99, 3 papers of volume 00, 15 papers of volume lOl, and 
reprints of volumes 86 and 88, as follows: 

VOLtniB TS 

TUle iiflgo flud table of contentB, (PabL 364S-J‘ Deccnibei- 1D4L 
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^OLtTMB eO 

S- Cb^’k-llRt of Slue terrestrial and fresii-water Isopndti uf Oi^ennla^ bj 
H. Gordon Jnckfien. liS pp. (PnfciL SoOS ) Jolp 23, 1B4L 

No. £2. Tbe Ire a|,TS proUcm^ Ly Walter Knocbo. 5 pp, (PwbL 3Cl^.]i July 
a>. ie4L 

No. £3. of early oreapatLon In Soiidlo Cave, New Mexico, acid 

olber g[tje3 In tbc SsiiilM-Mmisano region, by Trank C Hibben, with appendix 
on CorrelatloD of the depoaits of Sandla Cave, New Mexko* wSib the uJaclnt 
cJironoLo^, by Kirk Bryntt, rt+fi-t PP-, 10 plR^ & flga. (Publ, 3a30.> Ocioher 
X5, 1&4L 

Title p«Kt^ fttid table of eontcnta (PubL 3 j 644.} NovfciDiwr 13, 1041. 

VOLUME 101 

No. 2. A now saluiniinder of the isi^ulw G^WiiopAiltr'^ from iba eoutJiem Ap- 
j;i(abi,rbLtina, by M. B. MUtlecaon nntl Harry G- ^f. 1 pi, {Pubb 

3)63S.Ji July 14, 1041. 

No. 3. l^nTironn]eiit and native aubsistenre eeunomk'S In tbo rent ml Grmt 
FliLlti.s by Waldo IL WedaL 20 jip., 5 pl^.. 1 0?. <PnbL 31130.1 Augiiat 20, 
1941. 

No. 4. Dp&easo^ of utkd artltaL'it^ on skill ta and liones from Kotllnk lata ad, by 
Ale^ UrdlLE^ka. 14 pp., 11 pla (Pnbl. 3640.) Seplonibi-r 23, vm. 

No. 9- On BQlnr'CoiiataDt and almoEpbcrtc temperature obai^gea, by Henryk 
Ai-etowcikL vl+d2 pp., S3 dlpf. (PuhL 3041^) NuTezuher T. VMU 

No. U Beetles of the gehiMf Hitper^^pU InhabttadnjE the Uhlied Smtea, by Tli, 
Dob 2 hanaky. 94 pp., d pbi:. (Publ. 3642.) December 31, 11>41. 

No. Arebeologlcfll remaltLa in centrnl Kitriscis and their possible beerln^ 
on the locadon of Qnlviro, by Waldo K. Wcdel. 24 pp., lO pls-^ 1 diE tPiubL 
3(HT.} ianlldry 15, 1042. 

No. 0. Bees of tho family Hylaeldaa from the EtblopLoii rritton, by T. D. A. 
Coctcretl, 15 pp, (Piibl, SMO.) Fehrmiry ID, 1942. 

No. 0. Notes HU some American water ampblpud cmstacenns and do- 

(wrtptlons of a new genii^f and tvro new spcolea, hy Clarence R. Shoemaker. 
31 p|!., 12 dga. fPnbl. 3675.) Tebrmiry 10^ 1&42. 

No. 10. faunal eontont of tbs MaryvlUe formatlou, by Cbarlea E. Beeaer. 
S lip. fFnbl. mn .) Fehniory 13, JM2- 

No- IL Ampblpod eruBtaceans collceted on ihe I^rosldentlnl Crnife of 10SS. 
by Clarence K, SbooMker. 52 ppl, IT (Publ. 36TT.> Mareb 5, 1042. 

No. 12, The (ittHntlty of Tnpotxnis wuier In rhe atmoEtpliero^ by C. G, AhboL 
7 pp. {PubL Bars.) Mnrch 23, 1942. 

No, ta A now titunotbere from the lik>oeiiO of btli^f^i^EppL vUb notes on tho 
correintion between the marine Eocene of the Gulf (Coastal Plain and contJ- 
pental Eocene of the Becky Mountain re^t^len, hy C I#. GazJn amJ J, Alufriuder 
fininvan. VA pp., 3 jiSa., I flff. {Pnhb ri679.| April 23, 1942. 

No. 14. Two new fossil hlrds from the OLij^lcenre of South Dakntii, hy 
Alexander Wetmore, 0 pp., 13 ftgs, fPuhJ- 3080.) Itny 11, 1&42. 

No. 15. Fifth qonirlbntlon to nomectchiEurc of Cunihrlaa fossils, by Chorlea PI. 
llesi^r. 5S IPtlbl, 3682.) Mjiy 22, 1042, 

Ko. IT, Derelopmuntnl physfoloiry of the grass swedUn^ i. loblbltloa of the 
me^vc^ityt of Avena fnlka hy conttniioiiB exposure to light of low In tensities by 
Hebert 'L, Welntraub and Edwortl D. MoAityter. 19 pp, 1 pi., 4 (Publ. 3085.) 
Jaitc24, 1012, 

Additional copies of the following two voluioes were printed : 
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voL’caiE 

SzDlthaODtsui ilelcorolo^ical Tables^ h^mh IteTlfiQd JE4iitloa, First Reprljit. 
IjetitI +262 pp. i Publ. 31ia > 

VOLUME aa 

iSiDlihsoolim Pti?:alc:il Tables^ Ei^lnh nevlsed EUltiofi, FirsE Bt-prlnt Itv+SSS 
pp. (FubK 31TL) 

VV AH BAFEGHOrA’D STUDIES 

Id the new series of Smithsonian publications, War Background 
Studios, tlie following pnpers were l^ucd: 

No. 1. tJrljftn tif tbe For Eastern clTUlzatEoiu^: a brief liaadlb{>ok, by Gar] 
VVliltlnp BLabop. fifl pp,, plj.. 21 Os^ (Fubl. 3631J June 10. 1;M2 
No. 2. Tbo evolbtLOEL uf nallonri, by John R ^wantuo. 23 pp. IPabl 
June 2ir 11>I2. 

SSMITHSDNIAN ANNUAL REPORTS 

I^eport f^r TJie complete rolup^e of the Annual Report of 

the Board of Regents for 1940 was received from the Public Printer 
in October 1941. 

Aiintiai Report of tbe Etwira of of the Smltb^al^a InsEltallon 

allowing tbe opcratlou^, expcnditurei:, nad ctmdJtlon cf Elu? InsiUaEloa for tbo 
ymt eaded June 30, lt40. iJll+Bt2 pp., lOT pla^ 2S bjfn- (FabT. 3000.) 

The appendix eontiiined the following paperst 

Salar proniLaencea In moUem, by Robert IL Me^iiliiEh. 

The ^teintea of JupUor, by Seth B. NldiDlBCEL 
fhiUaml vainer of phys»Ecs. by Darld Dietz, 

Noclcar fl^bn, by Karl K. DArrow. 

The national staodards of lucaaureiDCELt, by T^ytuan J. BrTpiigs!. 

Tbe riae of the erennie cbemlcal InduHtry In the United ^tatea, by 
C. M A. atiHn. 

Tbe rubber Industry^ 1630-1930, by tV. A. Gibbons. 

Tbe future of man m an InhabJitaDt of llm cartbp by KErtJoy F. Mutber. 
The acareb for oil. by G, M, 

FerEpectlvefi la erolutlnn. by Jnmets Bftelilc. M. A., D. Sc, 

Animal bebavLor^ by EraoBt Walker, 

The national wllilUfc refuge program of the Fish ntid Wj^EUife SerricOi, 
by Im R. OnbrlelsoD. 

A living fo«ell, by J. L, B, Sialtb, 

IljseoU and tbo epr^d of pin at by W'aKer Carter- 

Tbe Mexican bean bocUOi by W. H. W'bife. 

Plnat-tlaene culture*, by Robert 1^, Wplntraub- 

Tbe botany and history of Z^aafa o^KotTcd L, (“wild rice^jp by Charles 
E. ChambUso. 

Prebistorlc culhiTe waves from Asia to Amcrloit by Dlamcnd Jenness^ 
Masked medlcLpc soctetleB of tbe Irouuois. by WILUaju N. Fcqeoil 
T be b^gEnnlngH of etvllizatloii In eastern Asia^ by Car) Whiting Bi^opi 
Stonehenge 1 Today and yesterday, by rmnk Stevemr. O. B. E.p F. R A- 
Bulfanilaxnlde and related cbnmleals io fbe treatment of lafeotioiia dlih 
oases, by Wesley W. SplDh. M, D. 
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The fntiire of by H. E. C. B., €1 Br Er, H&n. I>. Eeg. 

{Melb-K Past Pr^doat Bnyal AlemnantEoia Society. 

Report for 1541 -—Tho Eeport of the Secretary, which included the 

financial report of the executive committee of the Board of Regents, 
and which will form part of the Annual Report of the Board of 
Regents to Congress, was issued in January 1942. 

Ite[H>rt of the Secretary of the SmlLheonEan lastitutloii snd finaacliil report 
of. the eiecutlve committee of the Board of Re^nts for the year eailed June 30* 
RNa ut-hi36 e pis^i 2 fes. (Puhi. nms-) 

The Beport volume, containing the general appendix, was in press at 
the close of the year^ 

SPECIAL PUBLICATIONS 

HaoJbooik of the N^tlOQal Aircraft Collectlon^ Fifth Edttloop by Fail] E. Oarheri 
(Pdbl.SSBSO July 23, 

Cla^lOed Mat of Smithsoalact pobllcutlunB firallnble for dlatrlbuttoa Decetfibcr 
1041, compMeft hy Holea Miuiroe. 42 pp. (Fiihl. 3045,) December 11, 1041. 
Brief suJde to the Smith^tilan L^dtutloQ, Fifth Edltloo. 30 pp., ^ Ula. 
(Fubl, BL.) May 1S42. 

PUBLICATIONS OF THE UNITED STATES NATIONAL bfCSEUM 

The editorial work of the National Museum has continued during 
the year under the immediate direction of the editor^ Paul H. OchscL 
There were issued 1 Annual Rei>ort 36 Proceedings papers, 6 Bulletins, 
and 1 separate paper in the Bulletin series of Contributions from the 
United States National Herbarium, as follows: 

MUSEUM REPOBT 

Report on the pre^esa and eoadltlon of the United States NatioDal MaBEum 
for the flwal year ended June 30, 1911. Ul+llS ii|>. January 1IM2, 

PEOCEFUINGS: VOLUME S7 

Title pajpv table of routentfl, and lodeE. Pp. flSS-frra. Septeaiher Ifl^ 

10a 

VOLUME 3 0 

No. 31OT. Berlslon of the North Amertcau motba of the fhmLEy Oecophovidae^ 
wltb descrlpllon# of new ^nera aud epedee, by J. F. Gates Clarke Pp, 33-231^ 
pla 1-4S^ NoT-ember 0, IML 

Nfy- 3100. A history of the dlvlflloa of Tertehrate paJeoatoIoiy la the Cal ted 
States Natlona] Museum- by C. W* Gilmore. Pp 305“37Ti pla August ^ 

IMI. 

No. Slia A new barpaertleold copepod from the gm chamber^ of a marsh ermb, 
by Arthur G. Humea, Pp, 370435, flg: la Augnat SS, 1941. 

No. 3112. Cestode i^raaitea of teleost Oshes of the Woods Hole r^on, Massa- 
chafiettfi, by Edwin UntoiL pp 41'7-i4£, pla, €0-42. July 15, IIML 
No. 8113. Parallco foaeU ecMnolds, by Willard Berry. Pp. 443-445, pis. S3r-65. 
JoTy By 1011. 
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Ko, 311S. Kt>les od Alcilnn turUea «f tbe geaus by Leoobard 

Stcjnoeer. Pp,. 45T-1S0. July SS, IMI, 

No. 3110. A revision of tlio dialdd-^i^ of tlte geiiQs in the 

United States Natlomtl Bltiseuiiir A. B. t^oluia. Pp^ 401-482, Aaf^sl 10, iMh 

No. SllT. Noteti on the birds of North C^ltna^ hf Alexander Wetmorfe Pji. 
4854530. (ktote:31,104L 

Na. 3ns. Notea oa aome North nnd Middle AmerlcAD dnnald batterfllea, ity 
AuatLn H. Clark. PpL 1531-^542, pla, Tl-TA November 4 1041. 

Nd, 8110, A nevr of p^mmocbarld wasp from China, by P, P. Bnbl^. 

Pp, S434Me, Ofr 23. October 24,1041. 

Ka 3120. Two aew apecloa e£ CooldDm^lid llloa from PAlor^ bj Cbarlea 
T. Greene. Pp^ 5474551, £1^. 24, October 30, 1041. 

VOLITME 0 1 

Kn. 3121. The inamiiLallan fnimas of the Fnleoceise of central Utah, wfEh notea 
on the geology^ by 0^ Lewis Gnzlm Fp. 1-53, llgEL 1-2D, pis. 1-3. October 2,1B41. 

No. 3122L A new fossil orocodlUan from Oolomblai by Chorlos C, Mmk. 
Pp, 55-5S, pis. 4-&, JiiDoary 17,1042. 

No. 3123, TliO NorLb American motliB of tbe geniia Anrcbnlr^ with one pew 
speclca^ by J, F, Gates Clarke Pp. SO-TO, plH. 10-12. November 14, 1041. 

No. 3124, Same Ilttlekudl^li fosall lixards from the OUgocenc of Wyoming, 
by CbaNeii W. Ollinore. Pp. 71-70, 30-32, Norombor 13, 1041, 

Ne 3125. New species of tydrolds^ inossly from tJie Atlantic Oceaa^ In ibe 
United States NaMonal Mnaeum^ by C- McLean Fraser. 77-39, pis. 13-lB. 
November 14, IIMI. 

No. 3l20r The Nevada etrly Ordovidna (Foa^>nlp) Bponee fauau^ by It S. 
Bassier. Pp. 01-102, pis, 10“24, Korember 1, ItHl. 

No, 3l2T. The Mexican siabepcelca of the snake Ci>nioph&tte^ fl$ai^enMi by 
Hobart at SmltlL Pp. 1 Ce 3-111, bg. 33. Novenaber 13^ 1041. 

No. 3128^ Bepnrt on the Suikbaonlfla-Flreatone ejpedlttoxi'a collection of 
rcptllca and amphiblaDs from UborMp by Arthtir Loverldge; Fp. llS-140, jig. 
34. November 14,104L 

Ko. 3129. Notes on some crayflabea from Alabama cavea, wltli the d^rlptloo 
of a ni^ apecli^ and n new aobspeci^, by RendeU Rboadea. Pp. I41-148i 
flga 35, Ml November 0,104L 

No. 3130. Notes on the Enitke genua THmorphodoo^ by Hobart M- Smith. 
Pp. 149-1C8, 37p 88, November 10, 1&4L 

VC^UME &2 

No. 3133. Notes on two gcneni of American flies of the fkotlly TrypeUdae. by 
John n MnJlecA Pp- 1-20. %. L Janmur T, 1942. 

No* 3134. The Freda, N. Hok., meleoriio ; A nJekel-rieb ataxfte, by E. P. 
neoderson and Slnart H, Feni'. Pp. 21-23, pllt 1-1 March 23, 1942. 

No, 3135. Stune cestodca from Florida ebarka, by Asa C. GhaneUer, Pp. 25-31, 
dgB- 2p 3^ Febroary 9,1042. 

No. 313)a A new aperies of pbyltopod ematac^n from the sonthwestem 
Bbort-grasS pralrieH, by 1. G. MackliL SS-SO, dga. 4rS. April 15» 1942. 

No, 313T. DeactJptSonfl of five new spedes of Chalddalden, with notes on a 
few described species (Hj'iuecoplcrn), by A Gahan* Pp, 41-SL March 
4,1942. 

No. SiaSL A new itomatopod ernstaccan from the west eoflst of Meodeo, by 
Bteve A GlaascIL Vp. 53-58, Oe: 7. March 2Q, 1942, 
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No. SISfi. The diiTBoaielkl beetles Luptrodet blvitHtlvs (LeOonte) end t«ri- 
fwnifji (E«Conte) nni] snmo nllled jqteoieji, by Boris H. Bl«ke. Jsr-74, pla. 
5,fl- April T.IIMZ. 

Nft 3140. Notes on the elassJlIcntlon of the slaphyltDlil beetles of the ^upa 
Li spin I nnd OHorlirme, by TUebm^l E. Elscki^eldcr. Pp. TS-flO. April T, 1&4S. 

No. 31-H. Scored bone nrtrfiietB of the eeutml Grent Plolnai, by W. R. 
Wttlel and A. T. Hill. Pp. Ol-lOC. pis. 7-13* April Sfl, 1941'. 

No. 3142- 'flic Identiry of s^tnie mnrliie onnelld wonna In the Udlted States 
Nntlonnl Mucciun, by Olga Hfirtinan. Pp. 101-140, fljfg. 8-15. Jnne 10, 1042. 

No. 31A3, Tbe SiinlLs (GL-origlHl meteorite, by E, P. Henderson and C. Wythe 
Cooke. Pp. 141-150. pis. 14. 13. April 30. 1&42. 

No. SI4-1. Itlippocrinus. a fossil Inailnnatc cTinoId genna. by Kdvln 

Kirk, l-p* ]6l-ir)5. pi. 10. April 24. 19-12. 

No. S143. Notes on beetles related to Phjfllophasfa Hurrla, with descrlp' 
dons of new' genera and atibgenem, by Lnwreinje W. Saylor. Pp. 157-105, nL 17. 
Jime U, 1M2. 

No. 3140. DcacdptlnnB of the larrac of sotoe Weal Inti Inn melDloatliine 
beetles and n key to the known Intvsic of tho tribe, by Ailnm o. WMng 
Pp. 107-170, pis. IS* 19. Jnne 13, 1942. 

flULLETiira 

No. 50. part 0. Thi* birds of North and htidcllo Anacdea. Families amldac, 
RaltldAC, Heliomlthldae, and EurypygtdHe, by Rolicrt Rldgway and Herbert 
Friedmann. !i+2rj4 pp., 10 figs. Ot-tobor 2, 1941. 

No. 82, rolumc 1. pnrt 4e. A monograph of ihe existing (.tIhoJiIe, The anper- 
family Mnrlametrlda (tjxcept Uie faitiUy ColobometrldaeJ. by Austin H. Clark, 
tIIH-G 03 pp., 01 pU, August 5, llMl. 

No, 101, part 3. The Foraminlfcnt of the Troplntl pneme eclleettons of the 
•'Alharrojiif.’' ISSD-inoo. HeFcroholtcldne and ntilhninld.ne. by Joseph Angnattiie 
Cushman. i+OT pp., 15 pis, February 10, 1911. 

No. ITT. The herpetology of HlspanJolb. by Doris M. Cochran, rll 4-308 pp 

12 pie. July S, 1041. 

No. ITS. Catalog of the type spedmens of mnmniiils in the Uni led Stnteu 
National Museum. Including the Bialogical Surveys colleetlun, by Arthur J. 
tVnIc and Vloln S. Schautz. illl-|-T03 pp, April 8, 1 & 42 . 

No. 170. Ufe hLstorles of North American flyenttbersi larks, swollowg. and 
I heir Blllea. by An bur Clerelimd Bent, il-1-555 pp„ 70 pis. 3Ioy 8, 1012. 

coNTittnuTtoNo yuoM the tj. s. NATioN.ti. itEiiBARnrH: voLujn as 

Part 4, Pinnta collccbsl by K, C, Cblrg In southern Mungoiin and Knituti 
PtoTlnce, Chino, by E- U. Walker. gUl-|-GT5 pp,, pla. 21-27. July 22, 1041. 

PUBLICATIONS OF THE EDIIEAU OF AHKRICaN ETHNOLOGY 

The editorial work of the Bureau has coutinued under tho immedi¬ 
ate direction of the editor, M. Helen Palmer. During the year them 
were issued 1 Annual EeiJort and 3 Bulletins, as fonows: 

KErOBT 

Fifty-elghth annual report of the hureau of AmerJean Ethnology, HMO-1041 

13 pp. February 11. 1942. HHu-iiMt. 
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120, Ati nrcReoIoglcal Enrrej? ot Plfkwlck BqsSii In the Arljuceot pcrtlons 
of the StnE.es of Alnbniosi, a££gs!ss]ppS+ and Tpntic-sseet ^7 ^113 Sam S. Wehb 
nnd Drtvlsl L. DeJnmette, W Wh adtllrlous bj Walter B, Joum, J. P, R Alor- 
rintn, Marshall T+ KeTTman and Charles E- S§rniW| niiJ William G. Hanf. 536 
jip., 316 pis., m R£9. ^Karch 23,1042. 

ISO, ^Arrhoolosleal invest Illations nt Buoue TEsin Lake^ Kern CimnEr. 
CallfomTD> by Waldo R, WMeL With appendix, Skeletnl remains from tho 
Bnena Vista Elies, California^ by T. D. Stewart IM pp.. 67 pis,* 10 flgs. 
Jnly 14, 1&41, 

131. Peflcliiico Mound and rill age site, Cherokee County^ J^orih Cni'oltna, 
by Frank AL Setllor ntid Jesse D, Jennings, WEfh appendix. Skeletal retnalna 
from ihe Ptacbtiee SltOn Xortb Carollnfi, by D* SEewart. IdS pp., 50 pls^ 

12 October ft ISMI. 

PUBIJCATION3 OF THE ASTKOPHVSIGAL OBSEBVATORT 

With fuads supplied by John A. RoebUng, the A^itrophydcal 
Observatory was abk to publish volume 6 of the Armais. 

Annals of the Astropbyslcjil Observatory of the HmiUt^onlan Institution, Vnl- 
nme fl, by O, O. Abbot, L, B. AUrl^’b, and W* H. Hotwer. vni+207 jip-, 7 pis,, 

13 nm li^nbi. 366uo 

REPORT OF THE AMERICAN HISTORICAL ASSOCIATION 

Tlic anitUJl reports of the American Historical Association am 
transnijttcil by the Association to the Swrctaiy' of the Smithsonian 
Institution and am communicated by him to Congress^ as prrn^ided 
hy the act of incoriiorLttiuti of the Association. Tlic reporl for 1939 
(Proceedings) was issued in October 1941, The following were in 
press at the close of the year: Report for 1936, volume 3 (^^Instruc¬ 
tions of the British Foreign Secretaries to I heir envoys in the United 
States, 1791-1812”); report for 1937, volume 2 (Writings in American 
History^ 1^38); report for 1939, volume 1 (Proceedings); report 
for 1940 j and report for 1941, volume 1, and ToUinve 2 (Talleyrand 
in America ns a finnnriat promoter, 1794-96). 

REPORT OF THE NATIONAL 30CI1!1'Y^ DAUGHTERS OF THl 
AMERICAN REVOLUTION 

The msmuEcript of the Forty-fourth Annual Report of Iho Na¬ 
tional Society, Daughters of the American Revolution, was trans¬ 
mitted to Congress, iu accordance with law, November 26| 194L 

allotments for printing 

Tlie eongressionn] allotments for the printing of the Smithsonian 
Annual Reports to Congress and the various publications of the Gov¬ 
ernment bureaus under the administration of the Institution were 
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virtually used up at tha close of tlia year. Tho appropriation for 
the coming year ending June 30, 1943^ totals $88,500^ allotted as 
follows: 


SmlUiBCDlaa Institution_ $16,000 

NAtlonal Museum-^-- 43^000 

Bureau of Amerloau —_ _ __ IT, 480 

yuttonitl CoUecttcn of Flue Arts_^—_ _ _ _ _ _ BOO 

IntemaLLonBi ExcbiLDgus_ _ _ ___ __ ISOO 

Natlfmal Zoological Pork__ _ — 300 

Afitropliyslcal Obwrratorj _ aw 

American Hlatorku! As?!iQclntlon^._ _ 10,620 


Total- -- - - -- - 88,300 

Be$pectful]y submitted. 


P. TeCtE, CMef^ Editariid Divmmu 

Dr. C. G. Abbot, 

Seoretwy^ SmdtksoniaTi 














REPORT OP THE EXECUTIVE COMMITTEE OP 
THE BOARD OP REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION 

FOB THE YEAR ENDED JUNE 30,1&42 

To the Board of Rogeaii of tho SmUhsOAiai^ In^tUutUm: 

Your osecutiTe comiiiittcc respectfully submits tUe folloiring report 
in relation to the funds of the Smithsonian Institution, together with 
a statement of the appropriations by Congreaj for the Government 
bureaus tn the administrative charge of the Institution. 

SMITHSONIAK EMDOWMENT FtJNO 

Tte flrlgloal of JniDOfl^ SSmiUiBOii was £10^^900 Sa. M.—$508^,81 B-4i^ 

Refuniis of money expiyDijfnl in prosmitlDn of Use clattn, Luauranre, 

etc., T^lth pdymeat lute tbe fund of tbe ffdin of £0,015^ wbleh bod bwn 

withbelil during tbq lifetime of Madomc do la brought thm fund to 

amount of $500,000- 

Slnw the oriflDR] bequest the Ibs^tltutlou baB received gifti from varloUB 
Bouree^ chiefly in the yenr« prior to 1S83. the income froDJ whirb tany bo used 
for tbo geoernl vrork of the LasUtntlom 

To these gifts bus been added caoitnl ftrom BOTicga on ineomei gofn from sale 
of iCCurttleB, etc-* and tbey b ow stand on the books of the Institution m fullowa: 


Aver>\ Robert 3. and LydEa beqntst famL^-- - -$51+ 044.93 

EmluwmcELt fluids from gEfts, et c- ■ —— 203, T4^ 57 

Habel, Dr. S., bequest fluids———— - , 500. 00 

Hnchenberg, George F, and CaroUnei bequest 4, 001- 06 

Hamiltoni James; beqnest fond — -- ^flOLSl 

Henry, CnrollneH bequest fund- -- — 1,20$. 20 

Hodgkins, Thomas G.p --- 116,037*4$ 

Parent fund— --- -—- - — — 723, 50 

Cthees, WiUiatu Jones, bequest fond --———-- 1,060.64 

Sanf<kr(l. George H-. memorial -— -- 1,935-61 

Witherspoon^ Thomria memorial fnmL -- —_ l£Jj335.TT 

Special fund - - -- —— -— ^ 


Total endotvment for general work of the Xnatltutiou-1,331, ISS. 37 

The Institu tion holds also a nuttiber of endowmeat gifts^ the inoortie 
of each being restricted to specific usOip These are invested and stand 
on tho books of the Institution as follows: 

Abbott, Winiaia L-* ftmd, bequest to the Institution- 
Arthufi JameSp fundr laconie for inTestigstions and Htndy af the 
sun and lecture on the Bun-„^^—— --— - 


^,767.45 
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B^tcDD, Vlr^bta Purd^^ fctnd, for n truv^Ung schalanshlp to luvestl- 

fniiDD of 0Cit|D£r[|h9 oUl^jt tLnfi tlie United States___ fid 

Painl, Lui.’y H., fund, f^^r crefilln^ a memorial to Secretary Bafrd— IT, TsSS- Tfl 

OccTerlc D.^ fiiadn for purchase of nntiuab for the 

Zw^Soglcal Park—_____ m fd 

Catideld OotleelUia fondp for Increase aod care of the CnnBdd 

colleetloii cf minerals.^__ _ _^,050.18 

Cosey, ItioiTiaft fptiil, for mniateriance of the Casey collect Ion 

aad proinoEton of researches rehittng to Colooptero______ 9,124- 01 

Chamberlain, Francis Len, fund, toi Increftae aniJ promotloa of 

letter Ij?a collection of gems and laolluabs^^^ _ ___„_28 hO(15^ S>2 

llltlyerp Vlrgm fond, for lacreaso and can; of VIrRil Ulllyer collee- 

tloo of hf^litliiB' objects_ __ __-__ dpH~iSS.4Q 

Hltchcoolc, Dr. Albert Library fniid, for care of Dltcbcock 

A^rostolo^EcaZ Library_ - _ _ __ __ _—_ 1.413.20 

HodffklbB fitndp ^leclde, for luoreoae and dItfiiBEDn of more omet 
knowledge In regard to nattire and propertlea of iitmospherlG 

oEr ------- 100,000.00 

HujrheSt Bruce; fundp to found nughe$ alctire:_„^,__ ___ 10,042.76 

Mycr^ Dither loo Walderip fond, for purchase of tirst-elnsdi works of 
art for tbo nf, and benefit of, the National CoUectioii of 

Fine Arts — . --*----- 38, ess, 4.1 

National CoIleetloD of FIno Arts, Strong Beqiio$t___Op 946^50 

Fall. Cornelia Ltringston, fund, for uialntonauce of Alfred Dunne 

Pell Cfpilactlon _ _ ____ -___ 7^374.3S 

Piporc, Lucy T. nnd George run4 for geiiernl use of the 

IziNtltiitlon when prEncEpnl amouikts tu the Koim of $2^,000. _ S4- 382,57 

Held, Addlsnii T., fund, fur foundhij? cbalr in biology’ In memoj'y 

of Aiiilier _ _ __ __ _ 20,977.0] 

Hoehllng fund, for care, izapTOTeinQiit, and Increase of Itocbliug 

colleetlou of thtncrala__ _ __ _ __ ____ 123,007,00 

Eoltlua, Miriam atid WMliam, fund, for investEgatEoliE In fiikyalcs 

and cheMtetry- . ___ „ __ _ __ ___ 405.23 

f^mJthsonlna en]ph]yee£; retirement fund-^ ___ _ __ _ 20,8^3.67 

Springer, Frank, ftnid, for care, etc., of Springer collection and 

library ----- - 17,S40.52 

Walcott, Charlea D, and Mary Vniix, research fondn for develop- 
ment of geological and pnle^kntoEoglLik] studio imd publishing 

rc^lt^ thereof _ _ ____ __ ___ ___ 354,214.58 

Vounger, Helen Walcott, fund, held In mtat^ ____ 56,112.510 

7ierbee, Frances Briucbld, fund, for eiidowrueut of acimiria-.^^^, _ 757.15 

Specin] research futid, gift, In the fonii uf rail estate _ 20,943.00 


Total endowiucut for specific purpo£ieH other thati Freer 

™*.waent ----1,2^ 135.22 

Thp above funds emouiU to a total of 569.288.59, and are earned 

in the Mlovring investment accounts of the loEtitution: 

TJ, B. Trviuiury nccoimt [Irnwrq^ e percent Interest_?1.000,000. OO 

Coofiulidated Inve&tmenE fund ^Income In table below)i_, .. L270, 96S. 45 

UcAl estate, mortgiLgcs, etc__ _ ____'246^31^7^64 

Speclfd fUnds, mE^cellnneons liaveatments-____ B 1 512 50 


2p568,2®IKi 
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COXE?OLII>ATED FUSD 


Statemcni af princijml and infoffle tar the ta*t 10 j/eart 


TltcbXjm- 

CbJ>lLH] 

Isntsie 

BgB 

FIseal vw 

Csfitid 

Icifi0in« 1 

VtxvBni- 

■A 

ttsa 

i tT&l^EKTT.^ 

II 

saosoLsa 

3-69 

is&a _ 


134,0^01 

400 


3.6C 

ina __ 


3a no. 53 

3.40 

11)3^ ....... 

7% 99^ £4 


3,79 


1,091,mss 

33,673.39 

iL4? 

IIBA 


3.71 

IfrU......... 

1,»3,30L£1 

4U1C7-3& 

ITfl 

litti ... 

^ 33^]il0.4l 

iA7 



ia7Vi.w 

3.07 






FREEH GjVLLKRV OF ART FUND 


Eiivly m by diMsd of gift, Charles L. Frt^r, of Detroit, gave to 
the Institution his collection of Chinese and other Oriental objects 
of art, as ^vcll aa pamtings, etchings, and other vforks of art by 
Wliistler, Thayer, Dc^ingj and other artists^ Later he also gave 
fund^ for the construction of a building to house the collection, and 
finally in his will, probated November fi, 1919, he provided stock and 
securities to the estimated value of $1,958,591.42 as an endowment 
fund for the operation of the gallery- From the above date to the 
present time these fuiids have been increased by stock dividends, sav-^ 
iiigs of income, etc., to a total of $5,912,878.64, In view of the im¬ 
portance and special nnture of the gift and the requirements of the 
testator in respect to it, all Freer funds are kept separate from the 
other funds of the Institution, and the accounting in respect to them 
is stated separately, 

Tha invested funds of the Freer bequest are clarified as follows: 

Court end f^roijnds fiind__^ -- - - 90^390.01 

Court aud KToonrSs malnteEiauc^ (unU --—- 10^,351-00 

Curator fund- - _ — ---—. - _—— - 0T4,0S8- 94 

ItPiilduarT -^-- 4,410,00S.Ga 

Totnl _ - 5* OlSt 64 


SUM^tAET 

Invest «Nl endownieiit for petiL'nil pnrpc^fiea- -- —-^1.331,153,3T 

Invcfltcfl endowMoni for specific inirpo™ otlicr than Freer en- 
dowment-_ _ __1.mi35.£2 


Total Invested omlowmcnt other thnn Frft^r endowment, 
Freer Invested endowineni for speeSac ti^rp^ses-— 


2, JSe®, 2SS. 50 
5.012, STB. 64 


Tot el Invested endowment tor all puiiKi^- 


81482,10^.23 
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CLASSIFICATION OP INVESTMENTS 

Deposited la the U. 3. Trensarj at 6 pcriceat per aniiimi, as aa- 

Uiorlsed In tho Uoited States EerUed StBtut€s, sa^ 6501_|IpOOO, 000. 00 

Inreatmcats other tkaa Freer endowinjeat (eoet or market TnXm 
at date acqnlred); 

Beads (24 dJffweat ^opa)_______1414,223.17 

Stocks (62 different groiipa)______000,138.36 

Real estate and Dm-moi-tsOffe notefl__^^_„ tOSL 04 

Uninreeted capital____ 6^ ISS, 88 

—- ],5a0pm50 


Total InTOfltmeDte other than Freer eadawinent__ 2, 6G0p2S3.59 

Investments of Freer endowment (crot or market 
value at date aeqnLred}; 

Bonds (43 dinrerent gronpa)*^- _ __ 12,334.006.23 

Stocks (60 dliferent gronps)___ _ _Sp4B&p0^ 06 

Real estate Arat-taorigage notes___ 8, 000.00 

tfnlnTested capital- - -Id, 75T. 80 

- 5,&12pa7a34 


Total lavestmenta. *_ __ . _ S, 4S2. Id. 


CASH BALANCES, EECEHT’S, AND DTSBUBSHOlEKT^ DDErNG THE 

FISCAL YEAR" 


Ca^ balance on band June 30^ 1011—,^__ 14114 

Receipts: 

C^sh Income from various sonrcea for general 

work of the ItistUutlon____ 870,215.02 

Cfiab [pUta and contributions expendable for 
special scIcDtIdc ob5ecLB (not to be In- 

Tested)-—---- 2^ 100.00 

Cnsji |^£ts for special sclentlOe work (to be 

InTeatedl^^^--.. 28, (m. 65 

Cash Income fnerm endo^weiits for specific 
use other tbnn Freer endowment and from 
mlsccUntieoiLa sources (locltidlni; refund 

of lemporarF adrance»)_^^^^...-.___._ 130,005.54 

CJosb rwelTcd ms royal Uea from SmUbsonlnD 

Scicntlflc SerlesL.^_______ ig^ 47 

Caoli capital from rale, call of sccurttles, 
etc: (to be rcInTestedl. „ -_ . 05pT96,£S 


TPtnl receipts other than Freer endowi&eor,___ 300,354.00 

Cash Lneome from Freer endowments__ (241, 5 S 7 . 77 

Oaab capital from snlcp caU of sacnrlUes, 
etc. fta be reinvested),^______ ^p 370-48 


Total recelpta from Freer endowmeat^^___1,141,^25 


Total 


.- ^028,723.45 


■* ThI* rlatfaii^st do^ not 
rtiirn of lii# loirdtatiOa. 


ineludc Qovcmiaant Approprtatloibt onder tbs aditJidFCrmtlvt 
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Dlsbur^eMeotd* 

From funds for irencrtJ work a£ the Ihvtililtlop; 

Ruildlufis-Haire, repairs, sad alterationfl;^- ^t42D.02 

rnrxiUuTe end flxtures-.-^--——- 

General adnilntstratton *---30p 21S. ©1 

Library- l,31Ad2 

PublicDtluofi (OimpTlsUig preparfitlob, prlnl- 

Lagt end difltrSbtitloo) —--- 6tlT. QD 

Besearcbeg and ac^ratlons^,^,.^- ^ 444 42 


Froni fnada for flpee[de use, other thea Freer 
Endowment: 

lar^imcats made from ^Ifts* from sain from 
sale, etc,! of ^enrltLes and from BaTlnga on 

Inoomo --———— 

Other eapendlmres, conalatlag largely o£ re- 
seaieb wot% travel, Lncr^lrSe and care o£ 
special coUectloaSj ctt, from Income of en¬ 
dowment funds, and from cnsib gtfta for spe- 
cLhc ii»e (ladnding tempotBTy advancca) — 
HelnFeatment of cash capital from sale^ cnll 

of securities, etc---—--- 

Coat of baodhuf sccnrltlesp fee of Inreatment 
oonnse]^ and aocmed Interest oa bond9 pu^ 
chased --——-—- 


05,478.47 


0L03L2O 
BD. 077, IT 


2p 50 


From Freer Eodowiiaeni t 

Operating ej^eosed of the gallery* salmiea, 

fletd cjpensea. Etc-*-, -- - -—^--- 45, flOG, T2 

PnrehaBo of art objects^ - ---- llOpSBO. 4® 

lavestmentg made from gala from sale, etc., 

of securities-_——-——- 11,240,70 

Rclntestmout of cnrii capital from sale^ call 
of aecatiilea, etc— — 71)0, 3R2.3& 
Cost of bandllEg securities, foe of LnTeitment 
cQOJisel, a ad accrued Interest on bonds pur- 
Cha^_ _ __ 


Gaidi holsnce June 30,1&4S.— 


teXpSsa^) 


24dp 4m, fisi 


mmiR 

740,6iS.T» 


Total 


__ 2,028,721,45 


Included in the foregoing are expenditures for rescarcliea in pure 
science, pubUcations, explorations, care, increase, and study of coUec- 
tionSf etc., as follows: 


Eipcadl Cures ffotn general fundi af the Instltatlon 

PubUcations ——- - — ^ - - 

H^^earches and eiploratlona*---- - - — 


$10,007,00 
0,444 42 

-|26,05L42 


* Xblf liicla4« tilaJT of EerrttiTf ^ cwuin otbar#. 
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Expeaditures frem fiittds derated to apeclfle purpMes; 

S£5ciiTch^ and eiplorotifliiji _ _ . _ f42^S55, ^ 

Care, increase, and stady of Kpeeiill ^ 25a, 2« 

Pubitcat Ions _____ _ ___ 4 ^ qtj^j 

- ^i,ma2 


The practice of depositing on time in local trust companies and 
banks such revenues as niaj- he apttred temporarily has been continued 
during the ijast year, and interest on these deposits has amountetl 
to $2I>3.06. 

Ttie Institution gi'atcfiilly acknowledges gifts or bequests from the 
following; 

IlesMircli CorpamtloD. turther eoKirlbutioBS for research jii radiation. 

John A. [loebline, farther contiibatlona for research m radlatJoa. 

Maty Yam Wulcott, bequest to uuKSBeni the Charles D. and Blarv Yam 
Wnlcott r^icardi ftind. 


All payments are made by cheek, signed by the Secretary of the 
Institution on the Treasurer of tbe United States, and all njTenues 
are deposited to the credit of the same nccount. In many instances 
depoeits avQ placed in bunk for conknee of cxillectTon and later 
are withdraim in rennd amounts and deposited in the Treasury. 

The foregoing report relates only to the private funds of the 
Institution. 


Tho foilo%cing annual appropriations were made by Congress for 
tile Government bureaus under the administrative charge of the 
bmithsoDian Institution for tlio fiscal year 1942; 


Expeiws f tnc-ladlUK snpnlcmcntal appmpriaUPO untler ibi 
Rjimsfieok Act)_____ 

{This combines Duaer one beadlne the approprJatjcua hewofort 
mnde for Silarfes and tlxpcasea. IfiternaticaBl BjtimnEes 
Anierl<^n Ethcology. Astrophj'^bsi Observorory. and >'altana 
Cfllleetlon of I^t^e Arts of the Smltlisonlat, Insmutlon omj fo, 
MflJnlenanre anrl Oporatlon of the United States National 
Ai QJic uin,) 

t*rewmitio„ of OellcotlonB (InclndlnR flupplemenml apprepriattoii 

wider the Rnmspeck Act)__ 

PrlbClnjt attil bladtbo___~~ ~ -- 

Xatlonul Zo&loj;lcAl Pork_^ -- 


¥.mwii 


153a, iia 
83,000 
239.200 

60,000 


Total 


1.410,782 
















BEPQET OF THE EXECUTIVE COMMlTfEE 105 

The report of the audit of the Smithsoniaii private funds is given 
below: 

S, 1042, 

Eskcutivi: CauwriTEE, Boy^ED or R^e^tb, 

D. 0- 

Hnm; Pursuant to a^reemeat we havo uudited the aceotints of the Smith- 
isoniaa IuHtitutlon for the fiscal year ecdeO Junoao^ 1042, and eerOfy the balance 
of cash Ott handp Including Petty Cosh Filnrll, Jllhie 30^ 1042^ to be ^42,72^+7^. 

We iLflve verified the lecord of receipts and dtsbuniementa (uelDtalncd hy 
tlie InaUtutton nbd the agreemeat of llio book haloncos with the hiink tadancoB. 

Wo l^ve oiamlaGd all ibe lecorltles in the ciistwly o( tho Iiii?tltiittOD and In 
ihe custody of the banka and found them to agree wUb (he liook records 

We have compared the stated liioom& of mch sectirmca with the rijceSptii of 
cccord and found tbem In ngreeinent ibcrewlth. 

Wo hnve exMmined all voacbera covering diahursementa for acaonnt of the 
inAtltutioiL dnrlng the ftsrail year ended June 30i 104£^ together with the author¬ 
ity tberefor* and have coin|;iflred them wSth the l&gtltntlon’a recoifd of 
expendLturea aud found them to agree. 

We have eaamlue<l fUid verified the accouhta of tbe IuBtitutloa with each 
trust futiiL 

Wo found the boots of nomnnt and teoords welt and accurnte3y tout ntid the 
sec^irltles con veil lent ly filed and securely laired for. 

Ail Infotfiifttlon rertneated by your nnditora wua promptly and eonrteoualy 
fumJaheiL 

W^e certify the BaEance Sheet in <>ur opinion^ correctly presents the finnnetai 
condition of the institution aa at Jnne 30^ 1042. 

Respectfully Bubmltted* 

WttAlAH L, VAEUfX, 

C'ertt/fed icoouafonf. 

Respect fully !?ubmittetl 

FftEISflKIO A, UlXAXOj 

V.vNXEVAE 

Clarence Caxnox^ 

Executii'e 
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ADVEKTISEMENT 


The object of the General Arvtsut^ to the Annual Keport of the 
Smithsonian Institution is to furnish brief accounts of scientific dis- 
coTCry in particular directions; reports of inveatigntions made by 
collabonitors of the Iiuititution; and memoirs of a general character 
or on special topics that are of inteiest or Talne to the numemus 
correspondents of tlie Institution, 

It has been a prominent object of thr Board of Regents of the 
Smithsonian Institution from a Tery early date to enrich the annual 
report required of them hy law with memoirs illustrating the more 
remarkable and important developments in physical nnd biological 
dificoveiyj as well as showing the geneml chai^cter of the operations 
of the Institution; and^ during the peater part of its history, this 
purpo^ has been carried out largely by the publication of such papers 
as would possess an interest to all attracted by scientific progress. 

In 1860, induced in part by the discontinuance of an annual sum¬ 
mary of progiess which for 30 ytuvs previoualy had been issued by 
well-known private publishing firms, the secretary had a series of 
abstracts prepared by competent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, geology, 
meteorology, phygics, chemistry, mineralogy, botany^ ^soology, and 
antliropology* This latter plan was continued, though not altogether 
satisfactorily^ down to and induding the year 1888. 

In the report for 1SS9 a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discus¬ 
sion. This method hag been continued in the present report for I04£, 

ID9 
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THE 1914 TESTS OF THE LANGLEY “AERODROME’^ ^ 


B¥ d G. i3HOT 


N<rct—ItjSs paper hm been submitted to Dr. Orrllle Wdgbtt anfl ueder date eC 
October 5,1&12, he stales that the paper 03 now prepared will be acceptable to him 
If glTea adei|iLate publlcattoiL. 

It is everywhere acknowledged tiat the Wright brothers were the 
first to make sustained flights in a heavier-than-air machine at Kitty 
Hawk, North CaroUna^^ on December 17^ 1903. 

Mainly beeauae of acts and statements of former officers of the 
Smithsonian Institution, arbing from tests made with the recondi¬ 
tioned Langley plane of 1003 at Hummondsport, New York, m 1014^ 
Dr. Orville Wright feels that the Institution adopted on unfair and 
Injurious attitude. He therefore sent the original Wright Kitty Hawk 
plane to England in 1928. The nature of the acts and statements 
referred to are as follows: 

In March 1014, Secretary Walcott contracted with Glenn II Cuidiss 
to attempt a flight with the Langley luachine. This action seems ill 
considered and open to criticism. For in January 1914, the United 
States Court of Appeals, Second Circuit, had handed down a decision 
recognizing the Wrights as ‘‘pioneers in the pnictica! art of flying with 
heavier-than-air machines^ and pronouncing Glenn Curtisa an in' 
fringer of their patent. Hence, in view of probable further litigation, 
the Wrights stood to lose in fame and revenue and Curtiss stood to gain 
pecuniarily, should the eseperiments at Hammondspoit in^cate that 
Langley's plane was capable of sustained flight in 1903, previous to the 
successful flights made December IT, 1003, by the Wrights at Kitty 

Hawk,N.C. ^ 

The machine was shipped to Curtiss at HammouiLport, N. Y*, m 
April Dr. Zahm, the Recorder of the Langley Aerc^^amical Lab¬ 
oratory and exjjert witness for Curtiss in the patent litigatioo, was at 
Harnmoiidsport as official roproscntative of the Smithsonian Institn- 


1 Hfonaud tiom SmlttucHLUn lIUwHiBMtti CbU^tUmli I'Ol- Xo. S, Ort 
b'ur in mcc*afll at wrij WrtJtht lefBnuJtlal InTUiUKatlqhn^, fiffllttMoUn 

Bwrt for lOM ud rb* CmPatf ShUfEiine at &ept*iiil»r 1£W. 
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lion duJTiDg the time the machine was being reconstructed and tested* 
In the reconstruction tlie machine was changed from what it was in 
1908 in a number of particulars as gircn in Dr. Wright^s list of dif¬ 
ferences which appears later in this paper* On the !^th of ilay and 
the 2d of June, 1914, attempts to fly were made. After acquiring speed 
hy lunning on hydroplane floats on the surface of Lake Keuksi the 
machine lifted into the air scveiTtl different times. The longest time 
off the water with the I-iartgley motor was appro]Elmate]y five seconds. 
Dr. Zjrilim stilted tliat was apparent that owing to the great weight 
wdiich had been given to the structure by adding the floats it was nee- 
cssary to increase the propeller thrust”. So no further attempts wero 
made to Sy with tlie Langley 52 BP engine. 

It is to be regretted that the Institution published i^tateincnts re¬ 
peatedly ^ to the effect tliat these esperiments of 1914 demonstrated 
that Langley’s plane of 1903 witliout essential modification was the 
first heavier-thaa-air machine capable of maintaining sustained human 
flight. 

As first exhibited in the United States National Museum^ January 
15, 1918, the restored Langley plane of 1908 bore the following label: 

THE ORIGINAL, FULL-SIZE 
LANGLEY FLYING 190a 

For this simple label others wore later substituted containing the claim 
that Langley’s machine “was the first man-carrying aeroplane in the 
history of the world capable of sustained free flight.” 

Though the matter of the label is not now an issue, it seems only 
fair to the Tnatitiition to say that in September 192fi, S^retaty Abbot 
finally caused the label of th& Langley machine to be changed to read 
pimply as follows: 


L.\NGLE¥ AERODROME 

TEE OBtChVAL SAMUEL PIER^ONT LAXGLET 
FLYING MACHINE OF im, REf^TOBED 


Deposited by 

The SmlLhaanlan luBtltatioD 


301,513 


This change has frequently been overlooked by ’writers on tlie 

controversy. 

In January 1042, Mr. Fred C. Kelly, of Petiinsuk, Ohio, communi- 
cated to roe a list of differences between the Langley plane as tested 
in 1914 and as tested in 1003, which he had received from Dr. Wright. 


, ^ PP- : 1SV7- P * i i««. PP. 

3> J8^ 114, ice, ^pon of u* 9^ SflUaul UotMUil, 1^14, Up. ie ftoe 4T, 
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This list is given verbatim below. Tlio Institution accepts Dr. 
Wright's statement as correct in point of facts. Inferences from the 
comparisons are primarily the prormce of interested experts and are 
not discussed here. 

COMPARISON OF THE LANULEY SlACHINE OF lOOB WITH THE 
HAJiMOXDiSPORT MACHINE OF MAY-JUNE. 1014 


LAKnLETsr, a.Mi ^ondbpoit, la 14 


L 11/6" X 22'G'^ (L. 11. p. 2m) 

2 ,4i»v: 1040 sq, ft {U M. p. 200) 

3 A€PJ;<jf Rvtio: 1-00 

4 CAuKlbft: 1/12 (L, IL p 20^) 

5 laEADtNo ESocse: Wlr* 

anieter \ L. 11. Pi. 

tl CovEELNa: Cottou fabrli?^ not var- 
QlflaefL 

i CicsnCB Bpah: Cylindrical wood- 
en spar^ iDcnSurln^ 1^'' ^1^' 
hnlf lU icnf tb &nd taper log ta 1'' 
at ita tlp^ (Ll 11. p. 204)« Located 
on oppt^r side of vp\iig. 


8 B^Bat llojlow tiox coimltnclton. 
(L IL Plates G6^ 07) 


Size: i 

XSEA I fIdS SQ. ft. 

AflPjccT Uatio: ZOi'i 
Gam*£b: 1/13 

liE^umo Eoai:: Cylindrical spar 1%" 
dia. at loner end^ tapetlog to dlo. 
at outer end. 

^'QTEitiNa; Cotton fabric, rnmlsbed, 

CEjrriciii Spaa: CyllndrlcuJ s|mr about 
1%'^ dia. at ItLiier eod^ tapertng to 
about 1" dla, at outer end. Locaiod 
on upper aide of wlog. Tlila cetiter 
fipar woa reloforced (1) by an extra 
wooden tnember oo the oader Bide of 
the wLtig^ which mei^sored 1^' x 
and exteoded to the Tih rib frum the 
center of the machine; and (2) by 
onotber wooden relaforceibent on 
tbe onder aide extending out about 
ooc-fourth of the IcrigEb at the wing. 

1£idb: Moat of the ortginol Langley 
box riba were replaced with otbem 
Etiado at Elaiimiondjsport- 1 Manly 
letter, 11114). The Hnuimoadsport 
riba were of fiOlid coMinjctlon nod 
made of lam Enated wood. That part 
or the rib In Tront of ibe for^^ard 
spar was entirely ocoitte^l. 
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HMMmDsnnT Wik Tmsm /9/4, 


9 LOwxh €VT-PDffre: A alixgle tdqojI 
viooiUcn post for eflcli [iftir of 
(fl^ Fl^. 3). 114'' In lOHg. 

{U M. Flat4? m, p, 154). 


Lcfwjot GuT-PMfs: Four fot each pair 
of wlDgs (B#e n^- 4)^ two of wiasLb 
wore of atroamltoQ form mcHstiring 
I I W" loa^j and two 
orEug 2"* X £" with raundod oomerSi 
loop. 


lO The front wLng fuj-post was located 
2 S 14 '' in front of the main cmi^ 
^nr. (li. M. Fiate S3). 


t^E front wln^ n^^-poste wens located 
directly nodernoatb the main center 
Epir, furtUet rearward Omn in 

1903. 


11 Tlie roar wing gny poet was located 
In front of the main center 
^lar, AL Plate 53). 


The rear wing gby-posts were located 
directly niidcr the main center opar^ 
31^*" farther rearward than Ln IBOl 


12 Urn* GTfT-posm' For each pair 
of wings a aingie stjecl tube dla., 
43 '^ long. ILlM.P. 134 ,pLC 2 )* 

13 Front wing cppcr euy^post located 
2814" tn front of the moln ceatcr 
spar. iU M, pi 53)* 

14 The rear wing upper puy-post was 
located 3114^^ In front of the main 
canter apaf. (L. pL 53)* 

15 TitiBSisto: The wing trussing wires 
were attached to the spars at the 
5th^ 7th and &Ui rib^ ont from the 
center (L M pL 5t). The angles 
between thEse wires and the spqra to 
which they were attached are shown 
In ng. 3. 


Uirra Glt-Pq«t 3: For each pair of 
wln^ two streamline wooden posta 
each 114^' i 814"* Td'^ longp forming an 
Invorted V. (See Fig, 4). 

Front wing upper gtor-ppsts located 
dirccUy over main spar, 2914" further 
renrwatd than In 1903, 

The rear wing guy-posts were located 
directly orcr the main water spar, 3114" 
further rearward than In 1003, 

TnuesiifO; A dliferent system of wing 
tra&qing wan usedi and the wing trcis^ 
fiing wires were attached to the fpara 
at the 3n3, tith nnd Q'th rlbft from the 
center. The angles between these wires 
and the spars to which they were at¬ 
tached were all dUTerent frum those la 
the original Langley machine^ (9ee 
Pig. 4)* 
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CO^iTBOL SUt(rA.Vm 


IG Vane KUtH3^: a split vhdc mm- 
posed oif two surfaces united at their 
Icadliij; e< 1 gv ^5 anil separpLct] 15" at 
their tmllln^ edgeSp thus fonuir^ a 
iveUjfc. Eucii gprfaei! Jntnisureil 2'^*' 
s 4'0"p with aspect ratio .5. (L. M. 

p. 214. vhL EKl, ri4). 

IT Operated by uiEians iif a whiiel located 
i^llglillj In ftont of Ib^ pl3ot at hiti 
right side Rial at the height of his 
fdiDuldcr iU M. p. 21fJ. pts. iKI, 54), 


IS Used for atecring only t L. p. 214}p 


III Pkn-vud Taim Tilts was a tlnrl- 
shaped tail liuA'iiig a Tcrtlcal aiMt a 
liorLEontoi surf are (Peiiaud tRilJt 
il’iud] measuriag £15 sq. ft. It was 
located In the rear of the miiln fi-auie. 

20 Attached to a bracket exteodliig be* 
low the roaio frome. 

21 ''Normally lijactlra*’p (U, p. 2HJj 
but adjustuhle alH^iit a irausver^ 
liorlxautal a^cls by means of a self- 
locking wheel loenled at the right 
side of the pilot, eroo with bis bat^, 
nnd nt the height of bla olioulder. 
{Ll M, pLk 51p 53). 

Immovable about a vertical axis, 
I L, aL p. 21-ip pi 10 No 

meaos were provided lor adjusting 
this rudder iihout a vertkal axis in 
flight. ^'Although It was necessary 
that the large aertKlromp should he 
eHHpnblD of being aleered La a hoii- 
^Liutni direct IoUp It was felt to \m‘ 
unwise to give the Ponaud tall at»d 
rudder motlou hi the horlxontul platof 
In order ta attain this eud/^ (L. :^- 
p. 214 >. 

23 KiEL: A died vertical surface uu- 
dcrueath the main frflmo measuring 
3-2"' In height by i5' average length. 
Area 19 mp ft ILl M. pL S3), 


Vii^iCAE RconEk: The Langley vane 
rudder was replaced by a single plane 
vertical rudder which measured x 
5% with aaiiect ratio of ,T, 


L>|jerated at Uituimondspcirt through tJie 
t'urtlsa steering wheel lu soms testfl, 
(^bm alhduvli pp, ^ G), through the 
Curtiss shoulder yoke iu gome othera 
l yiauly letter. 1914 J, and Uxod oo Oa 
not to be operable nt oh In still ocherE, 
(Zabm aflkklvlt I), 

Used '^as a vertical allerun to eontroi 
she la tend (K^h?d of the iDacblne", 
^Zaliia alhdavit p, 0) aa well as for 
Sloering, (Zahm nmdavit p. 7). 

Tml RtmiiEx; ^ntne slie and cotutiLriie' 
tlon R$ In 1003, 


Atiuclied to some bracket at a point 
about S'" higlier than In 1003- 

Upernblc about u transverse horizontal 
uxis and oounerted to a rtjgulnr Uartlzsa 
elevator control post directly in front 
of the pilot (iZtthin nffldflvit 


rnnnovnhla about u vertical nxbj on 
aiay 28^ lP14p only. Thereafter It wrb 
□ mde movahlo about a Tortical axia 
ixttd w^aa connected through caMea to 
n QirtU^ steering wheel usaunted on a 
Uurtiss rautrol p)>!st directly In front 
of the ptlaL 


Keel: Entirely omitted. 


aai5ai«-i3—a 
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BT^FTEkt W COSTML 


fl4 ^TABUxrr: Tbe dtbedml 

DDly WOE ai$<Kl for 1 a L- 

eral Isfllimee. (L- SL jk 4S}, 


apT Loxmtcdisai* STAanjTT : l4LB£leir 
relied upon tlio PenAml Hjstem o(f 
Lulicreut EtAblllly for mnliitolnlDtE 
tbe icrtigktudJiiHl eniimbrlum, 
the prcservatSon of the MtullibrSTim 
[loDgitudlDflll of the aetodramep 
thoiiffh ihe ATliitor luiglit asdHt by 
sneli Bllfibt iuo?em^t49 ah bo was 
able to make lo tbe IlmUetl stfan;^ of 
I he RTlator^s car, ibe main reUatiee 
wus upon the Petiaud totl.'' tL M. 
p. 215>. 

iinil HT&ad^a: Steering In tbe borlKontol 
plane wua done entlmlj by tbe split' 
vane Atecrii^ mdder located under' 
iwatb tbe iTtain fratne. iL. M, p. 
214). 


Ilatebal Stasiwtt; Three means were 
used for seeurlng In I era 1 bAlonce at 
Huminondfipcrt: The dlhE^ml au^e as 
used by lisii^leyr a rudder wblcb ^r\es 
0$ a TOTllcaL nlleroQ^ ofUdavIt 

0), and the Penaud tall rudder. Tlie 
lost two constituted a ey^tem "Ideutk'al 
In prindple with, that of CompLnlnant^u 
[Wright) combfned warping of tbe 
wingfi and the use of the Tortleal rud' 
der'^ iZ^hm afflduTlt it B). 

Stability: At Ham- 
mondsport tbe Fenacd thberent long!- 
tudluEl stability whs supplemented with 
an elevator syatem of control. 


: On one liay, Slay 28, 1014, 
steer!Dg la the borlxoatal plane was 
done with the verUcal rudder wblcb 
bud been substituted for the original 
Langley spllt-vane steering rudder. 
After May 2Sth tbe sleeting wfis doiie 
by tbe Terticnl surface of the tall md- 
der (Zabm affidavit p, T). wblcb In IBOE 
was Jtamovahic atmut ft vertical asK 
(L M. p, 214). 


FOWIE PLADiT 


^ atOToa; Langley B cylluder radlai 
28 lonrtTOl^* Jiltnp spairt with dry eel! 

batterEca (L bL pt 2Ca)+ 

28 CAKnrwTtiB: Balxer carburet nr con¬ 
sisting of u cbanlber dlled with 
lumps of poruus cellnlnr wood aat- 
uraterl with geBollne. The air whs 
drawn through this wood. Tbere 
was no OoDt feed- (I-. M. p. 225^, 

20 EAfjLkTOH: Tubes with radiating 

21 t^iiTvXLQcs: Langley propellers (L^ 
al. pL 53. VP^ 179-182>. 


Motoh: LfttigTey znotnr modEfied. 
loNiTiO^r; Jump spark wttb magnriu, 

CAHStmirroA: Automobile type with 
tloiit feed. 


tUni ATfkii: AutomobEIp radiator of 
honeyeomb type, 

PoikPixuna: Ijangley pfCpeUerfi modi' 
5ed “after fanblou oC early Wright 
blade*’. 
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ucrrrcBisa AfJo fjjjatb 

512 lA&urtctliSi)^: CatHpalt maiuiiied ois LAuscnnia; ll^dropluDeSp developed 
a housebrat attachwl to Hie itmcliiiie. 

S3 FwiATft: Five cfUodi'leol tlo flea la, FtoAtis: Two wocKlftti hydropSaiw? 

wlLb eoDlcnl entla, alt^cbed to tuidi^r- mounted Itcneatli and about feet to 
aide ot maJn frame nt iipproprlcite eEthei' side of ibo center of the mDchine 
polnta. ai]d abnixt irijt foot above low- ut the lateral ejcivemEtteo of tbe Fratt 
est pan of niachlne. aystem of Lrua£i[D£ used fur bnicln^ the 

wln^ abora of the for ward wtngi; Hud 
ooe Spurt of the time two) tin cylln- 
drieal floata with eordL-nl ends, Blodlar 
to but larger tban the Langley doat^ 
moUEiled nt the oenter of the Pratt 
Byotem of trowing used for bracing tbo 
rear win^ All of the fionta were 
tnoilnted from four to bve feet lower 
Ibon the donts of the original 
thiia beeping the ontlrc machine above 
Ibe water* 

WXIGHT 

34 Ti»Af. WnaBTi Wltfc pUot, 800 Tcrt*!. Wnlfilit: Willi pMat, llTO 
iv>uuda <L. p. 8S6)> poQoOSi 

85 C^ma OBAvttY: 3(/8’' nbore line (if CE.Tm Gutttt: Aboal 4 i}« foot bdotf 
tbmot Hue of UmuL 

Since I became Secretary, in IfKJS, I have made many efforts to com- 
poee the Smittisoni an-Wright controversy, which I inherited. I iriil 
now, epeakiitg for the Sinithsonieii Listitution, make the following 
statement in an attempt to correct as far as now possible acts and 
assertions of former Smithsonian ofncinls that may have been mis¬ 
leading or are held to tie detrimental to the Wrights. 

1, 1 Kirtcerely regret tliat the Institution employed to make the 
testa of 1014 an agent who had been an unsuccessful defendant in 
patent litigation brought against him by the Wrights. 

ii. I sme«rely regret that statements were repeatedly made by offieera 
of the Institution that the Langley machine was Sown in 1914 ^ith 
certain changes of the niachinc necessary to use pontoons,” without 
mentioning the other changes included in Dr. Wright’s list 
Z, I point out tliat Assistant Secretary Rathbun whs misinfonued 
when be stated that tlie Langley macliine **without modification” nude 
‘^successful flights.” 

^ 4. I sincerely regret the public statement by ofEcers of the Institu¬ 
tion that‘‘The tests” [of 1914J showed ‘‘that the late Secretary Langley 
had succeeded in building the first aeroplane capable of sustained free 
flight with a man.” 
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5. Leaving to experts to formulate tlie conclusions arising from the 
1914 tests as a whole, in view of all the facta, I repeat in substance, but 
with amendments, what I liave already published in Smitlisonian Sci¬ 
on tiHc Series, VoL 12,1932, page 227: 

The flights of the Langley aerodrome at Hammondsport in 
1914, having been made long after flying had become ti common 
art, and with changes of the machine mdicated by Dr> 'Wright^s 
comparison as given above, did not warrant the statements pub¬ 
lished by the Smithsonian Institution that these tests proved 
that the large Langley machine of 1903 was capable of sustained 
flight carrying a man. 

6, If the publication of this paper should clear the way for Dr, 
Wright to bring back to America the Kitty Hawk machine to which 
all the world awards first place, it will be a source of profound and 
enduring gratification to his countrymen everywhere!. Should ho 
decide to deposit tlie plane in the United States National Museum, 
it would be given the highest place of honor, which is its due. 


THE PROBLEM OF THE EXPANDING iJ XIVERSE ^ 


liy Ejiwijf BuenT^ 
MouHi UVriCfii OhiCTVfiicr^ 


I pioixijse to diEcuKs tlit^ problism of tho tixpuiiding univem from the 
obfiervational point of riew. The fact thol such a veJiture is permis^- 
sible is einpliatic evidence thiit empirical re^ATch has definitely eli¬ 
te wl the field of cosmology * The exploiution of space liiis swept out¬ 
ward in successive waves, first, through the system of the planets, 
then, through the stellar aysleu^, and, finally, into the reolm of the 
nebulae. Today we study a region of space so vast and so homo¬ 
geneous that it may well be a fair si^nple of the universe. At any 
rate, wc are justified in adopting the assumption as a working hypodie- 
sis and attempting to infer the nature of the universe from the ob¬ 
served characteristics of the sample. One phaise of this ambltiou»j 
project is the observational test of the cumnt theory of the expanding 
universes of general relativity* 

I shall briefly describe the obt^rvahle region of space as revealed 
by preliminarj^ reconimksaneo with large telescopesi then sketch the 
theory in oiitlinej and, final!yg, discus the recent more accunvte ob¬ 
servations that w etc de^igncil to clarify and to test the tlicory. 

TDE OBSERVABLE HEOION 

The sun, as you know, ig a stai\ one of several thousand million stars 
which togetlicr f<srm the stellar sj'stem. This sj’steni is a gi^at sw'ann 
of stars isolated in space. It drifts through the uni versa as a swarm 
of bees moves through the summer air. From our portion near the 
sim we look out tliroiigh the swarm of stai-s, past the bordersj and 
into the universe beyond. 

Until recently those outer regions lay in the I'oalm of speculation. 
Today we explore them with confidence. Tlicy are empty for the 
most part, vast stretches of empty space. But here and tliere^ sep¬ 
arated by immense inten'als, other stellar systems are found, com¬ 
parable with our own. We find them thinly senttered through space 

^ Eteprlm^ by pctmlnton Traia tbe Skmua XJ iviarf^lfy ra]. 30, SOr 3, April 1013. In- 
i^InrSM] iy Sl-icur^ lo pjv^ai, UL OlU, ID-J-. 
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out as far as tdescopes can reach. They nro so distant that, in gijn- 
eral, they appear as small faint douds mingled among the stars, and 
many of them hare long been known by ilie name ‘‘nebulae.” Their 
identification as great stellar S 3 ratems, the true inhabitants of the uni¬ 
verse, was a recent nchievement of great telescopes. 

On photographs made wi^ such instruments, tliese nebulae, these 
stellar systems, appear in many forms. Jfcverthcless they fall nat¬ 
urally into an ordered sequence ranging from compact globular masses 
through flattening ellipsoids into a line of imwinding spirals. The 
array exhibits the progressive development of n single basic pattern, 
and is known as tlie sequence of elasisifictition. It may represent the 
life history of stellar systems. At any rate, it emphasizes the common 
features of bodies that belong to a single family. 

Consistent with this interpretation is the fact that these stellar 
systems, regardless of their structural forms, are all of tlie same gen¬ 
eral order of intrinsic luminosity ; that is, of candlepower. They 
average about 100 million suns and most of them fall within the 
narrow range from one-lmlf to twice this average value. Giants nnd 
dwarfs arc known, 10 to 20 times brighter or fainter than the average, 
hut their numbers appear to be relatively small. This conclusion is 
definitely established in the case of giants, which can be readily ob¬ 
served throughout an immense volume of space, but is still speculative 
in the case of dwarfs which can be studied only In our immediate 
vicinity. 

The limited range in luminosity is important because it offers a 
convenient measure of distance. As a first approximation, we may 
assume that the nebulae are all equally luminous, and, consequently, 
that their apparent faintness indicates their distances. The procedure 
is not reliable in the case of a single object because the particular 
nebula might happen to be n giant or a dwarf rather than a normal 
Stellar system. But for statistical purposes, where large numbers of 
nebulae are involved, the relatively few giants and dwarfs should 
avGi'flge out, and the mean distances of lorge groups may be accurately 
determined. It is by this method that tlie more remote regions of 
space, near the limits of tlie telescope, may be explored with confidence. 

Throughout the observable region the nebulae ere found scattered 
singly, in pairs, nnd in grouiis up to great compact cUistere or even 
clouds. Ttie small-scale distribution is irregular, and is dominated 
by a tendency towanl clustering. Yet when larger and larger vol¬ 
umes of space are compared, the minor irregularities tend to average 
out, and the siunplcsgrow more and more uniform. If the observable 
region were divided intO' a hundred or even a thousand equal parts, 
the contents would probably be nearly identical. Therefore, the large- 
scale distribution of nebulae is said to be uniform; the observable re- 
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gion is homogiuieoiis, very much the same everywhere and in all 
directions. 

We may now present a rough sketch of our sample of the universe. 
The faintest nebulae that can be detected with the largest telescope in 
operation (the lOO-inch reflector on Mount Wilson) are about 2 mil¬ 
lion times fainter than the faintest star that can be seen with the naked 
eye. Since we know the average candJepower of tliese nebulae, we 
can estimate their average distance—500 million light-years. A 
sphere with this radius deflnes the observable region of space. 
Throughout the sphere are scattered about 100 million nebulae, at vari¬ 
ous sUges of tlieir evolutional development These nebulae average 
about 100 million times brighter than the sun and several thousand 
million times more massive. Our owm stellar system is a giant nebula, 
and is presumably a well-developed, open spiral. The nebulae are 
found, as has been said, singly, in groups and m clusters but, on the 
grand scale, these local irregularities average out and the observable 
region as a whole is approainiately homogeneous. T'lic average in¬ 
terval between neighboring nebulae is about 2 million light-years, and 
the internebular space is sensibly transparent. 

TDK LA.\V 01' BED SHIFTS 

Another general charncteristic of the observable region has been 
found in the law of red shifts, sometimes called the velocity-distance 
relation. This feature introduces the subject of epcctrum analysis. 
It is well known that, in general, light from any source is a composite 
of many individual colors or wave lengths. When the composite beam 
passes through a glass prism or other suitable device, the individual 
colors are separated out in an ordered rainbow sequence, known as a 
spectrum. The prism bends the light waves according to the wave 
length. The deflections are least for the long waves of the red and 
are greatest for the short waves of the violet. Hence position in the 
spectrum indicates the wave length of the light falling at any par¬ 
ticular place in the sequence. 

Incandescent solids, and certain other sources, radiate light of all 
possible wave lengths, and their syKctra are continuous. Incandes¬ 
cent gases, however, radiate only certain particular wave lengths, and 
their spectra, called emission spectra, consist of various isolated colors 
separated by blank spaces. The patterns are well known, hence gases 
in a distant light source can be ideutified by their spectra. 

Tlie sun presents a third kind of spectrum, known os an absorption 
spectrum. The main body of the sun furnishes a contiDuous spec¬ 
trum, The heavy atmosphere eurrounding the main body is gaseous 
and would normally exhibit an emission spectrum. Actually, the at¬ 
mosphere, because it is cooler than the main body, absorbs from the 
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contitiuous back^'oiiad tliosa ccslots it would oiliertmit. There¬ 
fore the solar iii3ectrum is a continuous spectniin on vvhkh is super- 
[>Dsed n pattern of dark gaps or linos. These dark lines identify the 
gases in the solar atmosphere and indicate the physical conditions 
under which they eiisL 

Tlie nebulae are stellur tents, and tlicir spectra resemble that of 
the sun. Dark lines due to cnlciitmT, hydrogen, iron, and other ele- 
inGnts in the atmospheres of the coraponent stars are identified with 
complete confidence. In the case of the nearer nebulae, these lines are 
close to their normal positions as determined in tlie laboratory or in 
the sun. In general, however, accurate measures disclose slight dis¬ 
placements, eitlier to the red or to the violet side of the exact normal 
positions. 

Such small displacements arc familiar features in the spectra of 
stars and are known to be introduced by rapid motion in the line of 
Pight, If a star is rapidly approaching the obsevycr^ the light waves 
are crowded together and shortened, and all the spectral lines appear 
slightly to the violet side of the normal pcisitiona. Converady, rapid 
recession of a star drags out and lengthens the light waves, and the 
spectral lines ai^ seen to the red of their normal positions. 

The amounts of tliese displacements (they are called Doppler 
shifts) indicate the velocities of the stars in the line of sight. If tlie 
wave lengths are altered by a ceiHain fraction of the normal wave 
lengths, the star is moiiUng at a velocity which is tliat same fraction 
of the velocity of light. In this ivaj it has been found that the stars 
are drifting about at average speeds of 10 to 30 miles per second, 
and, indeed, that the steLlur system, our own nebula, is i-oteting about 
its center at the majestic rate of one revolution in perhaps 200 mib 
lion years. 

Similarly, the nebiiJae nre found to be drifting about in space at 
average speeds of the order of ISO miles per secon<h Such speefls, 
of course, are minute fractions of the velocity of light, and the cor- 
resiwnding Doppler shifts, which may be either to the violet or to 
the mb are barely perceptible. 

But the selectra of distant nebulae show another effect as eon- 
spicuoiis as it is remarkable. The dark absorption lines are foimcl 
far to the red of their normal positions. Superposed on the small 
red or inolet shifts reprisenling individual motion?), is a systematic 
shift to the red which increases directly with the distances of the 
nebulae observed. If one nebula ig twice as far away as another, 
the red shift will be twice as large; If n times aa far away, the red 
shift will be n times as large, lliiw relation is kno^rn as tlie law of 
red shifts; it appears to he quite a general feature of the observable 
region of space. 
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If tlie^ systematic red shifts aro intotpretfid fis the iaiiiiliar Dopp¬ 
ler shifts^ it follows that Uie Debolae are recediDg from us in all 
directions at velocities that increase directly witli the momentiiry 
distances^ The rat* of inci^ase is aboi^t lOO miles per second per 
million light-years of distance, and the observations have been car¬ 
ried out to nearly SfjO million light-years where the red shifts cor¬ 
respond to velocities of recession of nearly 25,000 miless per second 
or ^ the velocity of light. 

On thia interpretution the present distribution of nebulne could 
be accounted for by the assumption that all the nebulae were once 
jammed together in a very small volume of space^ Then, at a certain 
instant, some 1^600 milUoti years ago, the jam exploded, the nebulae 
rushed outward in all directions 'vith all possible velocities, and they 
have niuintaiiicd these velocities to the present day^ Thu^j the nebu¬ 
lae have now receded to various distances, depending upon their 
initial velocities, and our observations necessarily uncover the law 
of red shifts. 

This pattern of history seems so remarkable that some observers 
view it with pardonable reserve, and try to imagine alternative es- 
]jlimation$ for the law of red sliifts* Up to the present, they have 
failed. Other ways are known by which red sliifts might lie pix>- 
duced, but all of them introduce additional effects that should be 
conspicuous and actually are not found. Hed shifts iispresent IXjpplcr 
effects, physical recession of the nebulae, or the action of some 
liithorto unrecognized principle in nature. 

COSMOLOC-rCAL THEORY 

The preliminary sketch of the observable region was completed 
about 10 years ago. It was not necessarily a finished picture, but it 
furnished a rough framework within which prcchje, detailed investi¬ 
gations could be planned with a proper understanding of their relation 
to the general scheme. Such new investigations, of course, were 
gtiidod when practical by cuiTent theory. Lot me e:iplain tlie sig¬ 
nificance of this procedure. 

Alathematicians deal with possible worlifc, with an infinite nuinber 
of logically consistent systems. Ob^rvers explore the one particular 
world we inhabit. Between the iw'o stands the theorist. He .studies 
possible worlds but only those which are compatible witli the infor¬ 
mation furnished by observers. In other words, theory attempts to 
segregate the minimum number of possible worlds which must include 
the actual world we inhabit. Then the observer, with new factual 
information, attempts to reduce the list still further. And so it goes, 
observation and theory advancing together toward the common goal 
of science, knowledge of the structure and behavior of the physical 
univer^. 
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The relation is evident in tlie history of cosmology. The study at 
first was pure speculation. But the exploration of space moved 
outwanl until fiimlly a vast region, possibly a fair sajiiple of the 
universe, was opened for inspection. Then theory was revitalized; 
it now had n sure base from wbicli to venture forth. 

Current theory starts with two fundamental principles: general 
relativity and the cosmological principle. General relativity states 
that the geometry of space is determined by the contents of space, and 
formulates tlie nature of the relation. Crudely put, the principle 
states that space is curved in the tdcinity of matter, and that the 
ttiiiount of curvature depends upon the amount of matter. Because 
of the irregular distribution of matter in our world, the smalbscale 
structure of space is highly complex. However, if the universe is 
sufRciently homogeneous on the large scale, we may adopt a genera] 
curvature for the universe, or for the observable region as a whole, 
just as we speak of the general curvature of the earth’s surface, 
disregarding the mountains and ocean basins. The nature of the 
spatial curvature, whether it is positive or Tieg;itire, and the numcri- 
cal value, is a subject for empirical investigation. 

The second, or cosmological principle is a pure assumption—the 
very simple postulate that, on the grand scale, the universe will 
appear much the same from whatever position it may be e.vplorcd. 
In other words, tliere is no favored position in the universe, no 
center, no houndurics. If we, on the earth, see the universe expand¬ 
ing in all directions, then any other obsen'er, no matter wliere he is 
located, will also see tlm universe expamiing in the same manner. 
The postulate, it may be added, implies that, on tlie grand scale, tlie 
universe la homogeneaus and isotropic—very much the same every¬ 
where and in all directions 

Modern cosmological theory attempts to describe the types of 
universes that an? compatible with the two principles, general rela¬ 
tivity and the ooamological principle, Profound analysis of the 
problem leads to the following coDclusions. Sneh uni verses are 
unstable. They might be momentarily in equilibrium, but the 
slightest internal disturbance would destroy the balance, and disturb¬ 
ances must wcur. Therefore, these possible worlds are not stationary. 
They arc, in general, either contracting or expanding, although 
theory in its present form docs not indicate either the direction of 
change or the rate of change. At this jMiint, the theorist turned to 
the reports of the ohsen'ers. Tlie empirical law of retl shifts was 
accepted as vUiblo evidence that the universe is expanding in a 
particular manner and at a known rate, 'finis arose the conception 
of homogeneous expanding universe of general relativity. 

In sudi universes, the spatial curvature is steadily diminishing as 
the expansion progreisses. Furthermore, the nature of the expansion 
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is such that graTitational osseDiblnges maintfliii thflir identities. In 
other wordSt iriaterifil bodies or jjroups and clusters of nebulae do tiot 
themselves expand but ain their permanent dimensions as their 
neiglibors recede from them in all directions. 

Several types of expanding universes are possibie, a^id some of 
them can be further specified by the nature of the curvature^ Ti-bether 
it is positive or negative. In fact, the particular uni verge T?e inhabit 
could be identified if we had sufficiently precise information on three 
measurable quantities., namely^ the rate of eipaiision, the mean 
density of matter in space^ and the spatial curvature at the present 
epoch. Recent empirical investigations have b^n directed toward 
these problems^ and the resulta will be briefly described in the remain¬ 
ing section of this discussion. 

UDMPARISQN OF TilKORY AND OBSERVATIONS 

We may begin with two results which are thoroughly consisteiit 
with the theory. The first result concerns the assumption of homo¬ 
geneity ; the second, the conclusion that groups maintain their dimen¬ 
sions as the universe expands. 

The distribution of nebulae lias been studied in two ways, Tlie fir^t 
information came froru sampling surveys at Mount Wikon and at the 
Lick Observa tory. Small a reas, syst ematical ly scattered over the sky, 
were studied with large telescopes* Thus tlie nebulae that wore 
counted lay in narrow cones penetrating to vast distances. These 
surveys established large-scale homogeneity over the three-quarters of 
the sky that could be studied from the northern latitudes of the ob- 
pcrvatories involved. 

Later, the Harvard College Observatoiy, with the help of its south- . 
em station, has furnished counts of the nebuloe extending over large 
areas but made with moderate-size telescopes. In other words, these 
nebulae are scattered through wide cones penetrating to moderate dis¬ 
tances. Shapleyi in his reports, has stressed or perhaps overstressed, 
die familial:, small-scale irrcgularitJes of distribution, but analysis of 
such published data as ore adequately calibrated agrees with the earlier 
conclusion. In fact, the mean results from tlie two quite different 
methods of study are sensibly the same. This fact reemphasizes the 
large-scale homogeneity of the observable region. 

The second result is derived from a study of the Local Group. Our 
own stellar system is one of a do3seu nebulae that form a loose group, 
more or less isolated in the general field. These neighUmag systems 
furnished the first clues to the nature of the nebulae and the scale of 
internebulftr distance.^* They are so near that their brightest stars 
could bo recognized and compared with similar stars iu our own sys¬ 
tem* Radial velocities of the members of the Locul Group, tlsled iu 
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tuble Ij suggi^t llmt the Jaw of rod jzhifta probtibly does pot opernte 
wit hip the j^roup. This copclu^ion is positive evidence s>up|Mrtmg the 
validity of the theory* If the uiiivcr^ is expanding, the group maui- 
tniPs its dimensioas as the theory requires. 

Tlie remainder of the recently accumulated information is not favor¬ 
able to the theory. It is so damaging, in faot| that the tUecryj in 
its present form, can be saved only by assuming that the observational 
1 ‘esults ihcjitdo hidden systematic errors. Tlie latter pfissibility will 
naturally persist until the investigations can be repeated and improved. 
Neverlhcliffis, a careful mi nation of the data now available siig- 

gesta no adequate explanatinn of the discrupanoie^. 

Tabtj!: 2 .’—JZ^dKj/ rdoeitlc^i in the /^vi! Grou;? 

Hic obseiTMl veToeEtJpa fseconU ecUuien) rcprcseist a mure re&Efi>iLiitile dlslrl- 
tmtlou tbnii tlie rcTo47lttca c^irnvted for riN.] ablffg fflfip roluina). The hitler 
ft re rU ta n^ and iieKs^ttve wUti tlie eieeptloii of die first t wo* for ^^'hkh ifie ivd 
shLfio nre in-sl^mcAnt* Thlri fact SDggcstB that the 3uw of retl does not 

npenite within tlie Gmiip. 

ux:al group 


KD<kWii fiacralH'Eis 

L M C_ _ _ 

S M O™ 

M31___ _ . . 

M .. . . 

NGC 11822 __ 

IC 1013^._ 

Poruux ___ 

Proboljli? mvfnhtft* 

NGO flJM8 . ... __ 

XGU ___ 

IC 342_^__ ___ 


Ohn^TTH^! 

tfrlocLlT 

Diiirqsjcc in 
liliUlon 
llKhi- 
jearp 

Jt^rncrled 

ilillt 

THocltj 

witn 
r^d »blft 
remaved 

+ 43 

U.WiS 

-h 13 

+ 32 

-h 13 

0.U05 

+ 10 

— A 

—130 

0.7 

+110 

-240 

—150 

O.T 

+ 110 

-mi 


11. 5 

+ 35 

— 00 


1.3 

+210 

_ 

— 40 

0.6 

+ 100 

—14(1 

+ yo 

Ifl 

+2fi5 

—175 

+ m 

2.3 

+ 370 

—310 

^ 30 

2,3 

+ 370 

-rno 


*A ipwlrom of in 4l»Jeci In IC lOia. □bLiJniM] by j(how» r d^anlteJy qfteqrlVfi 

Tcloclty* Thfl tUpawjtlraJ valuj af tin* Ti'locity Ifl rather useertaUtu aiif3+ for thia m»n la 
tant liirluiM lti the tiblo, IfQwrvrr^ tl» stpi? laat^tcS that IC IfllS la miiLilatraf 

wUb Ibr olher nHJflihi'fi t Iw LoQtl OrotJJi. 


TIIK INT^RPRETATtON OF RKU KHIFTS 

^10 investijpitioiis were designed to detpnnine whether or not red 
shifts represent actual recession. In principle, ihe problem can be 
solved; a repidly receding light source appears fainter than a simi- 
lar but stationDiTr source at tbe same nmmentnry distance. The ex* 
planathm of tlua wdMtiiown effect is quite simple when the beam 
of light is pictured ns a stream of discrete quanta. Rapid recession 
thins out the stream of quanta, hence fewer quanta reach the eye 
per second, and the intensity, or rate of inipact, is neressnrily re* 
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(lu«d. Quantitutively, tho uortual brightness is reduced by » frac* 
tioji that is nierely the velocity of recession divided by the velocity 
of light—in other words, the red shift expressed as a fniction of 
tJie normal wave lengths of the light in truest ion. Recession at oiie- 
lenth the velocity of light reduces the apparent brightness by 10 
jwreent; at one-quarter the velocity of light, by 25 peicent. 

For velocities of a few miles or a few hundred miles per second, 
the dimming factor is negligible- But for tlic extremely distant 
nebulae, where tlte apparent recessions reach tens of thousands of 
miles [ler second, the effects are large enough to hv readily oltscrved 
and measured. Hence, if the tlistances of neliulac! were known quite 
accurately we could measure their apparent faintne^ and tell at 
once wli ether or not they are recctJirig nt the rates indicotetJ by the 
led shifts. 

Unfortunately, the [uoblcm is not so simple. The only general 
criterion of great distance is the very apparent faintness of tlie 
nebulae which we wish to test. Therefore, the proposed test in- 
vyh-ex a vicious circle, and the dimming factor merely leads to iin 
error in distance. However, a possible escape from the vkioua circle 
is found in the following procedure. Since the intrinsic luminosi¬ 
ties of nebulae are known, llieir apparent faiiitiieiis fumislic-s two 
scales of distances, depending upfjn whether wo assume the nebulae 
to be stationary or receding. If, then, we analyze our data, if wp 
map the observable region, using firsi one scale and then tlie other, 
we may find that the wrong scale leads to contradictions or at least 
to grave diOiculties. Such attempts have been made and one scale 
does lead to trouble. It is the scale which includes tiie dimming 
factors of recession, which assumes that the universe is expanding. 

ALTER NATIVE FOR3IS OF THE I,jVW OF RED SHIFTS 

Tiio project was carried out by the precise formulation of (a) tlie 
law of red shifts, ond (b) Uie large-scale distribution of nebulae. 
The form of the law of red shifts is most readily derived from the 
stmiy of the brightest uelmlae in the great clusters. Tl^cs<- nebulae, 
as a class, are the most luminous bodies in the universe, and their 
spectra can be recorded out to the masimum distances. Furllier- 
more, the clustere are so similar that the apparent faintness of the 
5 or 10 brightest members furnish reliable relative distances. Tlie 
obsel^’iitions now extend out to about 240 million iiglit-years where 
the red shift is about 13 percent of the noiiual wave lengths of the 
incoming light. Since the corresponding velocity of recession is the 
same fraction of the velocity of light, the nebulae in the nioat distant 
(luster observed, if they are acttially receding, will appear 13 percent 
fainter than they would appear if they were Btationary. The dif- 
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fercnce b small but^ forturmteiy^ the measures can be made with fair 
flccaracy. 

The results may be stated suoply. If the nebulae are stationary, 
the law of red shifts is sensibly linear; red shifts are a constant 
multiple of distances. In other words, each unit of Eght path con¬ 
tributes the same amount of red shift. 
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I-— ^Tlie law of red ahlfia 'fbp luw of rH at areat Uiaittn(?t?s 
Is dehreU as a r^atfon between apparent iiui^Rudes of the fifth hrEghrest 
iiboiiihers of ciustera and the niean tetl shtfta abserred In the cluatera The 
relation^ log dV^ “ 0*2 nu + evnatant^ showa ns n fuU Ilea Id ibe ilIagraiD^ 
Indicates a liaear law of tik] sMfta tdx/x=cfiDtftazit X dlstniice}. 

In Utfi illagniiD, large disks lepreBent clusters of high weighty doH closters 
of law weight; weighted menoa OlDscrc^ tnngoitudes have been 

corrected for all khc»wD elfcets ( bkclaillng the "enengy cJfecta,’' SctXAl i cicept 
rwcaalon fnctotik Thus, for a suttlnnnry DntTCTse, the law of ted shifts Lh 
senalhJj linear. 

For an ejciumdiug universe^ the reeesslan faetci^ wanld he appUfll^ nod the 
law frould depart from the Rncur form. Such deparlures, ^liown hy the 
hrohen cnrrCp Lnaplj that the rnte of expaiuilDD has been slowing dowiip and 
that the ^go of the nttlrcrtse,'* the time trlace the expansloci started^ Is Issoi 
thou 3,000 mllUoti years. 

The diagmiu ineludcs minor revtslojis of the qb^erratloDa] data hi accord^ 
ance with recent InvosElgailnitS. 
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± —l4lrfe^B^1@ dL^trlbutlacL of nebtiLa^. If Is the nacnber of m-bulae 
por «giiDJe dogreo brEghtef thjio nppareiit lu^tltiide in. tbrs the nveragro den¬ 
sity of mjbulne divided by volume of i^pncc). In aH^itrory la 

reprefiented by f Sok — OQni), Each point iti the dtii^aiu rep^csfiits a surrey 
In wkEcb tbe observed ra ba ve been oorrected for all Imowu effects (laeludln^ 
the ^^energy eflcctSp” 3 dV^> bot oailtUtig rhe ‘‘receaalon fnetorap^ il\/K The 
dlflgTAin Indicates that for a nlnttonaij ablrprsep the denatty Is LDdepeadeat rif 
distance (or red sblfth 

If tliQ uDlverse were expindln^, “feeefsslOQ factors'^ should be appUed, and the 
points wottid fall aloa^ tbo broken Unep jndle&ttng that tbe density Increaiea 
steadHy with dlfftfttice, la order to escape this conelusloa, St la necessary to 
introduee still another effect sndb aa Spatial curraturo which ejcncily cam- 
peneates [be receaatoa factorsL 

The dots represent surreys nnule at Mount Witson and Moiiat HanilltoEi; tbe 
first eross, tbe SiiPpley^Anies. survey to m=l3:^:^; the second rrost% Harvard 
c^mnCs to in=17-5, e^E meted from Proe. Nat. Acad. BeSr, vot 24, pi ]ift, 1B0& 
illid voi 26, pp. IfiS and IlMO, and reduced nceordlng to the procedure 
used tn redocinij the deeper surveyS- 


On thft other haiidp if the nebulae are receding, and the dimming 
factors are applierl, the seale of distances is nUeml, and the law 
of red shifts is do iooger linear. Tlie rate of expansion increases more 
and more rapidly with distance. Tlie significance of this result 
becomes clear when the picture is reversed. Light that readies us 
today left the distant nebulae far back in the dim past—liundreda of 
millions of years ago, When we oay that the rate of expansion 
increases with distance, wo are saying that long ago, tlie universe was 
expanding mudi faster than it is today; that, for the last several 
hundred million years at least, the rate of expansion has been slowing 
down. Therefore, tlie so-called “age of the universe," the time inter- 
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val since the expansion began, is timcli shorter than the 1,800 mill ion 
years suggested by a liiiefir law of red shifts. If the measures are 
reliable^ the interval would be less than 1,000 million years—a fraction 
of tbe age of the earth and comparable with the history of life on 
the earth, Tlie nature of the expansion is permissible and, in fact, 
Specifies certain tj-pes of possible worlds. But the time scale is 
probably not acceptable. Either the measures ore tinreliable or red 
shifts do not represent expansion of the universe, 

THE LARGE-SCALE DlSTRlDUTlOK OP NEBULAE 

If the new formulation of the law of red shifts were immipporteil 
by other evidence, the implications would probably be disregarded. 
But similar discrepancies aie met in quite independent studies of 
large-scale distribution. Five sampling surveys (four at Mount Wil¬ 
son and one at Mount Hamilton) made with large reflectors, furnish 
the numbers of nebulae per unit area in the shy, to successive limits 
of apparent faintness. The results furnish the numbers of nebulae 
per unit volume in fire spheres whose radii range from about 15A to 
420 million light-years on the stationary distance scale, or about 145 
to 365 million light-years for the expanding distancKj scale. 

On the aKsuiiiption that ml shifts do not represent actual recession, 
the iargt-scalo distribution is sensibly homogeneous—*tbe average 
number of nebulae per unit volume of space is much the same for each 
of the spheres. Further cmifinuation b found in some of the recent 
Harvard counts of nebulae which fall within the area of the sky cov¬ 
ered by the deep surveys, and which are based on tiie same scale of 
apparent faintness. Sufficient data can be estmeted from the rep<)rts 
to determine a mean density over large areas extending out to perhups 
100 million light-years;, and the result b in substantial agreement 
with those of the earlier investigations. All of these data lead to the 
very simple conception of a sensibly infinite, Iiomogencoiis universe of 
whii'h I he observable ivgion is an insignilienut sample. 

The inclusion of dimming corrections for recession, because they 
alter the scale of distance in a nonlinear way, necessarily destroys the 
homogeneity. The number of nebulne per unit volume now appears 
to increase systematically with distance in all directions. Tlie result 
violates the cosmological principle of no favorctl position and, con¬ 
sequently, is referred to some neglected factor in the calculations. If 
the density appeared to diminislt outw-ard, wo would nt once suspect 
the presence of ititemcbular obscuration, or, perliaps, the existence of 
a aupersystem of nebulae. But an apparently increasing density offem 
a much more serious problem. About the only known, permissible 
interpretation is found in positive spatial curvature, which, by a sort 
of optical forcsliortehiiig, would crowd the observed nebulae into 
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jipparenth" smaller and fmaUf'r volumes uf Hpaee as the distance 
increased. 

Spatial curvature is an expected feature of an expinding universe, 
andj together Tvitli the precise form of the law of red shifts, further 
sped Res a particular typo of i>ossible world* Thus, if the measures 
were ndiai-ble, we ruight conclude that the initial cosmological problem 
had been solved, that now we knew the nature of the universe we 
inhabit. But the situation is not so simple. Just as the departures 
from linearity in the law* of red shifts indicate a universe that is 
strangely young, so the apparent dcpartui^fts from homogeneity indi¬ 
cate a universe that is stningely small and dense. 

Tlie sign of tlie curvature required to restore homogeneity is posi¬ 
tive, hence the universe is “closed^’^ it has a finite volume although, 
of course, there are no boundaries. The amount of curvature indicates 
the volume of thft universe t about four times the volume of the observ¬ 
able region* Such a universe would contain perhaps 400 million 
nebulae. The total mass, however, would be far greatct than that 
which can be attributed to tlie nebulae alone. 

CONCLUSION 

Thus the use of dimming coirectionB leads to a particular kiud of 
universe, but one which most students arc likely to reject as highly 
improbiible. Furthermore, the strange featuns of this universe are 
merely the dinunlng corrections expressed in different terms* Omit 
the dimming factors, and the oddities vanish. We are left with the 
simple, even faDiiliar, concept of a sensibly Infiniio universe. Alt the 
difficulties are tmnsfemd to the interpreiation of red shifts wdiitU 
cannot then be the familiar velocity shifts. 

Two further points may be mentioned. In the first place, the 
reference of rctl shifts to some hitherto unknown principle does not 
in any way destroy the validity of the theory of exp[^nding universes. 
It tncnely removes the thcoiy from immediate contact with observa¬ 
tions. We may still suppose that the universe is either expanding or 
contracting, but at a rate so slow that it cannot now be discnlangled 
from the gross effects of the superposed red diift5* 

Secondly, the conclusions drawn from the empirical inv&stigations 
involve the a^iimptions that the measures are i^liable and the data 
are representative, Tliese questions have been carefully reexamined 
during the past few years. Various minor revisions have been made, 
but the end results remain substantially unchanged. By the usual 
criteria of probable errors, the data seem to be sufficiently consistent 
for their purpose* Severthelcss, the oixTalions ai*e delicate, and the 
most significant data are found near the limits of the greatest teie- 
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scopes. Under such conditions^ it is always po^ible that the re¬ 
sults may be affected by hidden systematic errors. Although no 
suggestion of such errors has been found, the possibility will persist 
until the investigations can be repeat€<] with improved techniques and 
more powerful telescopes. Ultimately, the problem should be settled 
beyond question by the 200-inch reflector destined for Palomar. Tlie 
range of tlmt telescope, and the corresponding ranges of the dimming 
corrections, should bo about twice those examined in the present in- 
restigations* Factors of 25 percent in the apparent brightness of 
nebulae at the limits of tlie spectrograph, and 40 to 50 percent at Uie 
limits of direct photography should be unmistakable if they really 
ezist. 

Meanwhile, on the basis of the evidence now available, apparent 
discrepancies between theory and observation must be recognised, 
A choice is presented, as once before in the days of Copernicus, be¬ 
tween a strangely small, finite universe and a sensibly infinite uni¬ 
verse plus a new principle of nature. 

ItEFI-mESCES 

No oxtcoalTo blbno^ptiy la furoI^lioU becau^ tlie list woalil be largely a 
repeclUca of the {auvfally KliKitedl blbltograpliy compLlod by IL F, 
an tu appeneUx fo hU of '‘Tho Expanding tJalTerse/* pabltsbed In 

ScLodco In Fragresi, Second Series, RobertBon's contribution lo the series 

Is the cle^irest nontechnical presentation of the foadHoientaL problem of cos- 
fiiotog>' that Ms yet appeared. 

A few paperB, subBoqoent to BobertBci^'s bibllograpbyH are Usted below^ 

EDDtNOToif, Sra AiTHoa. 

1&4D. The speed of lece^lon of the extrugalactlc nebubie. Festsebr, fOr 
Ells Striimgren, Copciiha^ti. Derives tbo mte o£ exi^snaion as 
on apriorl datum, and finds a nujiierlcsl value agreeltig ■kvlth the 
obaervea Tulae wltbln the uncertainties of the data. 

Hubbi;^, &WIX, 

103S>. The motion of the golaetk syjjt^ among Lhc nebnlAO. Jetim. 

Franklin liL^t,^ vol. 223, p- 131 i Cites evldepce sn^gesllng that the 
law of red doea no! operate wltblB the local gvoap. 

SnATiCTi Haiuow. 

IllSS-IS-lL. Various discussions of coantBi of nobutBei and tholr bearing on 
the probloBi of the general illatTlbutloa^ Proc. NaL Acad. 
Sci.p vyla, 23-2fi. Emplutols is plaeod on suiaU-is^le Lnvgn.- 
Joritles of dJstrSbntlon and the rola playKi by the great cloud 
of nebniaa In OatnurDB. 


GALAXIES ‘ 


By Haslow S^APLzr 
B'arvaril Ufiiveraiti/ 


twitll i ptats] 

Like the galaiies themselves^ the field of inqtiliy concerning 
galaxies is large and not easily siirvcyed Ln a brief article. It will 
be well to restrict the assigriment and write only concerning a few 
selected topics. 

Let ns fii-st try a bird’SHeye view of our own galaxy* The bird 
whose eye we would use needs to be ii remarkable creature to reach 
the remoteness necessary for an outside look. We cannot use 
Cygnus the Swan^ that heads in full flight along the northern Milky 
Wuy^ nor Aquila the Eagle, nor the big-billed Toucan, the Flamingo, 
the Phoenix, the Goose, the Bird of Paradise, nor CorvUB the Crow'* 
All these constellation birds are composed of ^ars that are bright 
neighbors of the sun and distinctly localiJced far inside our own 
galaxy. 

What We need is an observation point sometliing like a million 
light-years distant, well outside the bounds of tlic enormous Milky 
Way sjstenL It would be pretty satisfactory to settle our bird coiu- 
f ortabiy m fho outer haze of stars of the Andromeda nebula. If the 
observer be a contemporary of ours, he will bo looking at our system 
in terms of 8,000 centuries ago. It has been that long since tlie radia¬ 
tion left the sun and its neighboring stars on iU way to the retina 
of the all-comprchending but quite imaginary bird now surveying 
us from the Andromeda galaxy* 

Such a temporal disparity, 8X10* years, is of no particular 
moment in our cori-sidGrations of the galaxies; nnd sliort-term enter¬ 
prises like the currant western civilisation, or even the whole history 
of mankind, be neglected in the cosmic panorama as too momen¬ 
tary, too fleeting, for a clear recordings 

It is well known that the Milky Way s^ar system ia a much 
fattened organization and that the sun and planets are well inside. 

* Rcprlntnl bj fnsiHi the Bifffn* XI QuJirlf’rly* M, No. 1. Januarr lEUS. 
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Tliis interpi'ietBtioii of tho Milky Way was <jut 190 yeari? 

by Thouias Wright, a piom^er '^bird^s-eye viewer-* of Durliani. 
Englurid. He siaw that the hypothesis of ^ fliittcned stellar system 
with the earth near the central plane would satisfactorily explain 
the Milky Way band as a phenomeiicm of projection in such a 
^‘ysteio.® Onr hypothetical observer in Andromeda would see this 
flattened wheel-shiiixjd system not from the direction of its rim, nor 
from the direction of its axis, but from an inteimediate position, 
galactic latitude —31®. It would appear in projection, therefore, as 
an elongated object, perhaps wilh the axes of the rough ellipse in 
tJie ratio of about three to one. There would be a conspicuous 
globular nucleus of nakcd-icye brightness. 

We are almost cerlain now that our galaxy is a great openwork 
spiral system of stai-s, perhaps not much unlike the system Messier B3, 
shown in plate 1, But in linear measure it may be niuch lar^r than 
Mes^^ier Sik It has taken a long time to get conclusive evidence on the 
structure of our own system. We are badly located. There are ob¬ 
vious diGiciiUics with residing inside. Tlie meadow violet, no matter 
]iow bold and sensitive, is at a disadvantage in meadow to|>ography 
compared with the bird hovering above* 

For more than a hundred yean^ astronomers have sti-uggled with 
the problems of the structure of the galaxy. There have been many 
{speculators^ but also some hard and systematic observers. Sir William 
Her5?i(Iipl dominated tlii^s field throughout the early part of the nine¬ 
teenth century. His sur%'eys of star clusters and nebulae, hi« measures 
of brightness and posit ions of various celestial objechn, his interpret a- 
lions of the accnmnlating material were so important that he is 
appropriately considered the founder of sidereal astronomy* Before 
him tlie emphasis was on comets and planets aiicl the positions iiiid 
motions of nearby stars and the laws governing these motions. It was 
essentially solar-system astronomy that attracted the telescopes and 
the wisdom of scientists until this Gcrinan-Anglican organist of Bath 
devised some Jnstrmnciit$; then astronomy turned outward to inter¬ 
stellar spaces. 

Sir William Her^licl wiis considerably baflied by the problem of 
the structure of the galaxy and by the relation of clusters and nebulae 
to the Milky Way. Hia sAiccessors made many notable contributions, 
jjEiotometric anti spectroscopic, to knowledge of the nature of stars 
and nebulae, but still the large coamie problems remained baffling. 
Increasing telescopic strength, however, und the Bccumulation of many 
kinds and types of observations, cventaully lc<l to leji^ pus^leinent about 

*For ftCMunl of the fatly lfltRrpn.-tB[loni fry Tl^DninB Wright nnd IminictuH 
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the stellar neighbors of tiie sun. and the nearer parls of the Milky W ay. 
The old but unproved concept that the ^iral nebulae and their rela- 
lives were external galasiefl, coordinate with our own Milkey ay 
systetn, gradually became established. The (limensionsi of the galaxy 
and of the uiiiver.se appioached clarification.chiefly through tlie power 
of the telescopes of American observatories and the Tision of Enroiwnil 
and American theoreticians. 

In clarifying some of the earlier puzzles, however, the astronomers 
only succeeded in ofieniiig vaster vistas for exploration, interpretation, 
and wondonnent. The net gain has been considerable. It is no longer 
believed that the severe difficulties of certain astronomical enterprises 
have defitiltely blocked the progress of inquiry. A hundred years ago 
a distinguished scientist (not an astronomer) gloated a hit over the 
pronouncement that one thing would certainly forever remain un¬ 
known, namely, (he chemical nature of the stars! It was not many 
years before the spectroscope began to betray him. And at the time 
of her death in lf)U Dr. Annie Cannon bad classified more than half 
a million stars on the basis of the chemistry of their surfaces. A 
great deal is now known of the chemical constitution of a galaxy of 
a billion stars at a distance of 1(1 million light-years. An elementary 
astronomical student can ([uickly learn, ivlth the use of modem equip¬ 
ment, about the hydrogen, CBlciiim, iron, magnesiujn, helium, carlaui, 
and the like in stars that have never actually Iwcn seen except through 
use of the photogntphic plate. 

The moinl of that bad micknt pronouncement about stellar chem¬ 
istry is that it is not wise to be discouraged with the dilli<-uities nrising 
from our awkward lociition in the galaxy. Eventnally nil the answers 
to all the questions you could now ask about Milky Way structure may 
be known. And, of course, wo would then be wise enough to ask other 
(|uestlon 5 that you could not answer, nor could we. Here arc some of 
the current questions, and, for some of them, preliminary answers. 

1. Are the sun and its planets in the middle of our discoidal galaxy! 
They certainly are not. Tliere are many lines of evidence which indi¬ 
cate that the center is far away in the direction of the region where the 
constellatioiLs of Sagittarius, Ophiuchus, and Si'orpio come together, 
(K) degrees or a little nmre soutli of the ce1e,stinl equator in the thick of 
the bright star clouds along the Milky Way. My early study of the 
globular star clusters (a rcprcxluctiou of an im[x>rtant one, 47 Tucanse, 
is shown in pi. '2) was instrumental in showing the obsener that he 
is well out toward the rim of the wheel-shaped galaxy. There may bo 
some *'*siibeeiiters" in other parts of the Milky Way, in far south Carina, 
for instance, and in Cygnus. But those conglomerations of ap¬ 
pear to be important local stnictiircs within the great galaxy that ha.s 
it.s massive mieleus in the Sagittarius direction. 
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2. Is tills galaxy m motion as a unit ? Mow it moves witli respect to 
nearby galaxies is not yet very clear^ but certainly it rotates around 
Che Sagittarius nucleus. It does not rotate as s solid wheel, at least 
at our distance from the nucleus. It rotates more as the planetary sys¬ 
tem rotates I the planets nearer the sun go more rapidly and com plete 
their “years’' in sliortcr times than the remoter planets. We think we 
can very definitely measure the differential speed of stars around the 
nucleus. The average sliced in the atm’s neighborhood is about 300 
miles A second, and the direction of motion is toward the northern con¬ 
stellation of C^'gnua. 

3. How far are tJie sun and the neighboring stars from the axis of 
rotation! Ten kiioparsecs is the approximate answer and, since a 
parsec is 3.36 light-years or about 30 trillion miles, the distance is 
something like 2X10’^ miles, or 80-odd thousand light-years. For 
various reasons, that value of 10 kiioparsecs is not loo certain, but it is 
wet] established that the center of gravity of our system Is between 
8 and 13 kiioparsecs distant. Tlie direction to the center Is fixed with 
an unoeitainty of only 3 or 3 degrees; this angular parameter is much 
essicr to iiandle than the distance. 

4. How large is the Milky Way system and how populous! Enorm¬ 
ous in size and population, if nonquantitatire terms may be used. 
There Is good evidence that tlie total population in stars is of the order 
of 200,000 million, but the evidenoe on over-all dimensions is os yet 
inconclusive. Indeed it is somewhat involved with definitions. For 
instance, bow define the boundary of a galaxy! Is it at the distance 
of the fartberraost discoverable member of the system! Or is it the 
distance to the place where the number of stars per cubic light-year has 
flecreofied to a specified small quantity! Or Is It, for a spiral galaxy, 
the distance to wluch a spiral arm can be traced! Or is it the distance 
to which an escaping star can go before the gravitational tioldback is 
exceeded by tlie pull from some other galaxy ! 

The diameter of the system in its plane Is not less than 100,000 
light-years if all its rccogniKjhle stars are included. Tliere Is now 
good evidence that tlie wheel-shaped system is surrounded by a more 
or less spherical haze of stars, and some of the stars in the haze are 
,50,000 light-ye.ars above the plane of the Milky Way. Probably tliis 
IiazB extends more distantly In die plane of the system and, therefore, 
the diameter of discoid plus buze considerably exceeds 100,000 light- 
years. 

On the other hand, the diameter of our system in its plane might be 
measured aa only 50,000 light-years, or even less, if we had to depend 
on photograpliic research equipinent which, although comparable 
with our own, was located In the Virgo supcrgalsxy, several million 
light-years away. Oiir outer stars might not register. Wlien our tele¬ 
scopes are turned on the members of that group in Virgo we can trace 
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ftn the best of our long-exposure pktes the largf's-t individual galaxies 
only to a distance of 10 or 15 thousand light-years from their ccntera. 
Either tliose systems are very much amnller than ours, or we are unable 
to explore the faint regions that are as remote from the nuclei as we 
are from our nucleus in Sagittarius. 

It might turn out| thereforej that the bird’s-eye observer from the 
Andromeda nebula would report that our galactic system is no larger 
than the Andromeda nehuJa; or, if the research were rather casual, the 
vdow uiiglit indude only the nuclear portions of our galactic system, 
which might even be cataloged as a spheroidal galaxy. Wlicn we^ in 
our turn, take u quick bird^s-eye view of the Andromeda galaxy, and 
measure its distance und dimensions, we immediately conclude that it 
is much smaLler than we arc, even though it is a giant compared with 
the average galaxy of our catalogs. But wlien the over-all extent of 
the Andromeda galaxy is studied witti precise measuruig apparatus, 
wfl double the dimemdons as first seen and conclude that it is not very 
much smaller than tlie Milky Way system. 

5* Why is it that we seem to be so baffled about the structure and 
ditnensions of our own system, although we bmvely go out to dis¬ 
tances of 100 million light-years in our explorations of other galaxies! 
What is so troublesome about njeasuring something that completely 
surrounds u^ and is near at hand ? 

That question finally brings out one feature of Milky Way structure 
which must be clearly seen at first glance by tlie observer in Andro¬ 
meda^ but which has taken us many years and much tabor to discover 
and partially evaluate. This basic feature (and difficulty) is the pres¬ 
ence throughout the Milky Way, especially near the Milky Way plane, 
of interstellar absorbing jnutcrml—dust and gas, scaittered and in 
clouds, around (lie stars and in the spaces between them. Our vision 
is not clear; simple geometric relations between light and distance are 
incorrect because our observing station is in a fog that unevenly dimfi 
t^^o tight of the surrounding stars. 

Gradually we are learning through studies of colors, and otherwise^ 
how to make corrections for the interstellar absorption. It would not 
be difficult at all if the absorbing material were uniform. But the 
clouds of absorption are irregular* It is supposed that some of the 
greatest irregularities would be apparent to the Andromedan observer* 
At any rate, our oAvn bird’s-eye view^? of hundreds of external galaxies 
show immediately the dark lanes between spiral arras, or across them, 
which indicate the interstellar nbsorption clouds that irregularly dim 
the star fields of those distant stellar systems. 

In summary, our imaginary bird's-eye view has revealed our system 
as di^idal in ItA main body of stars, probably surrounded by a thinly 
populated spheroidal shell and dominated by a massive globular nii- 


138 AJnfTAL REPORT S3i[lTHSOXlAX ENSTITUTIOK; 194 2 

cleus, TFliioh is some 30,000 light’years from the sun m nn iiccurately 
measurable direction. Less certainly the view discloses that the Milky 
Way system is a spiral, j>erhnps more open in structure than the An¬ 
dromeda galasy; it is rotating at high speed, but, eyen so, S3 million 
centuries or possibly more will be required for the sun and its neigh- 
Iwrs to complete one circuit, to click off one cosmic year. Uncertainty 
remains as to over-all dimensions of the discoidal gala^ and of its 
stellar haze, and tliis uncertainty arises in part from the existence of 
light-absorbing, mostly nonluminous, interstellar material and from 
its irregular distribution and its dissimilar effectiyeness on light at 
various wave lengths. 

If, for u more distant view of this part of the universe we go off into 
space several million light-years in a special direction, the Andromeda 
iiEbula and our galactic system would look like a pair of gala lies, sepa¬ 
rated by only a few dinnieters. ,Vnd tn the same field, apparently also 
a part of our local group of galaxies, would be the great spiral, lles- 
sier 33. A closer inspection from this distant point, and a careful 
measurement of distances, would show several fainter galaxies associ¬ 
ated with tSiesc three large systems. Two of them would be the faint 
companlomi of tiie Andromeda nebula—Messier 39 and NGC 205; two 
of them would be our own satellite-companions, the Large and Small 
Clouds of Magellan. And there would be at least four other dwarf 
galaxies, two of them irregular in form, and two or more spheroidal. 

The existence of this local cloud of galaxies, in which our system 
appears to be the big doinituitiiig member, seems to be now beyond 
question, but tlie census of its membership is not complete. All the 
known aiembers are within a sphere of a million light-years diameter. 
Those unknown, or of uncertain membership, include systents whollv 
or partly conceatod by the clouds of ubsoiption near tlie Milky Wuy 
plane. The rating of the great globular clusters is also not yet clear. 
A hundred globular clusters surroimd uur galaxy, apparently subordi¬ 
nate members of tiie system, but the larger ones, like Omega Centfturi 
and 47 Tucanae, should perliaps be ranked with the dwarf galaxies. 
In total luminosity and in mass they are comparable to NGC 205, the 
faint spbcroidfll galaxy in the Andromeda group. Our hypotbetical 
Andirjmedai) observer would probably record at least tlicse two giant 
dusters as dwarf galaxies, if our own procedure with regard to classi¬ 
fying XGC 205 were followed. 

Groups like the local “suixirgalaxy’' occur elsewhere in inetagalactic 
spacfc A dozen rich clusters are known, some of them with hundreds 
of members, and a score or two of small groups, similar to our own, 
are already on record. One such is a group of objects in Forum, in 
which the brightest arc splicroidal; in onr group the brigbtest galaxies 
are spiral or irregnlar in foiin. 
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Prubablj thei'e are dwarf galaxies in tlie Foiiiaic group, but as jtI 
we have not identified them, nor have we found the Jfagellanic t} pe. 
Because of the general tendency of the universe to expand and the 
gahiries and groups of galasies to recede from one anotlierj it may be 
that eventually vre shall he ahle to say which faint objects in Fornax 
are members of tho super^stem simply by determining their velocities 
in the line of sight. If the suspected galaxy is really much more dis^ 
taut than the average of the Fornax group, St will show a bigger *^retl 
shift” in the spectrum, a greater velocity of rece^ion, and thus indicate 
the larger distance and the nonmembership. 

On every expedition into remote comers of extingahictic space, it 
is necessary to Mjuip ourselves with information on giant and super¬ 
giant stars* The reason is, ybmoiisly, that ordinary stars in far-off 
places are not recorded on our photographs; they are loo dim. We 
must work with the giants. It may be of interest to consider the fol¬ 
lowing liighly luminous stars and types of stars and see how they 
contribute to knowdedge of the metagalaxy ^ 

1. Snpcniovae 

2. S Doiadiis 

3 . Kovae 

4 . P-Cygni stars and others 

1 . Supcrnovm.—^^’The most energetic catastrophe jn the history of 
the world, unless it be creation itself 3 ^ k how I would describe tlie 
great violence of radiation and motion that accompanies the career of 
the supernova# Simply defined, a supernova results when a star blows 
up. Wliether the disaster is caused or encouraged by head-on collision 
with another star or ntiotUer something, or by tlie collap^ of the starts 
structure, wdth tlie consequent atomic transformation of mass into 
radiation, or boppens^” we cannot ret say# More observational 
dabi are needed and are being obtairietl. The result of a supernoTa 
outburst is the outpouring of light in unparalleled fashion—a spurt 
of radiation the equivalent at times of 50 million sums and mure. The 
burst of radiation lasts sometimes several days or Aveeks, quieting down 
slowly as the months go by# What remains after the flare-np? Per¬ 
haps a subdwarf star (the collapsed core of the original star); 
perhaps a hurriedly expanding nebula; perhaps jufeit dust and osIlcs, and 
the universe HI ling up with the dying glow of a radiant moment. 

Dr. Fritz Zwicky of the California Institute of Technology has 
been the leader In recent years in the discovery of supcriiovae and in 
speculations concerning thenn He thinks that tientruns a ml ueutrimis 
play an important part in the superdova phenoiuenon. Certainly su- 
iwrnovae play a significant i>art in the lustoiy of the universiC. They 
are not too uncommon* About 40 are on record, most of them dis¬ 
covered in the past 10 years. Three of them appeared lung ago in our 
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own galactic sj^m. One hypothesis of the origin of the cosmic rays 
ties them up with the violence of the supernova. 

The most distant individual stars yet photographed are some of tJie 
siipernovae that ate In galaxies tens of millions of light-years distant. 
When more complete records are obtained we shall he able to see if, 
at maximum brightness^ they are sufRciently alike so tliat their appai - 
ent mugnitudes at maximum can be used as a practical criterion of 
distance. At present there seems to be too large a dispersion in tiie 
intrinsic luminosities to make supernovae useful criteria in distance 
measurement in tlie metagalaxy. 

Long before supemovae were recognized, and long before tiiere wna 
the faintest notion of their enormous size as celestial phenomena, they 
played a very important part in astronomical development and in 
knowledge of the universe. For it happens that new stars suddenly 
appearing in iaT2 and 1604 were important in the inspiration of two 
of the great astronomers of tliat time and of all time—Tycho Brahe, 
the Dane, and Johannes Kepler. Now we know tliat these stellar out¬ 
bursts in Cassiopeia (Tycho’s star) and in Ophiuchus (Kepler’s fteUa 
nova) were most probably supemovae. Both stars rose to a brightness 
comparable with tliat of the briglitest planet; both stars changed ex¬ 
plosively 15 ma^itudes or more, an increase of brightness of more 
than a million times. 

A third supernova of our galactic system was recorded by the Japa¬ 
nese and Chinese astronomers in la’H. The phenomenon was the 
parent of the present well-known Crab nebula which is still rapidly 
expanding as a result of the eleventh-century disaster—eleventh cen¬ 
tury in our records, but 5,000 years earlier on the cosmic clock. 

2. Tht mpergiant S Doradus. —The distinction of holding top place 
ns a luminous star has been the lot of an object at the edge of one 
of the open clusters in the I^rge Magellanic Cloud. It is a variable 
star with average luminosity half a million times that of the sun. 
It is somewhat exceeded in radiation output by supernovae, but they 
do not Inst, whereas S Doradus has been continuously mdiating for 
the past half century, pouring out more than 100 trillion tons of light 
per minute. It must have enormous resources to persist at such high 
luminosity. Is it perhaps some very slow tj-pe of supernova? The 
variations we now observe are irregular in character, but of no great 
moment in alleviattng die expenditure of radiant energy. The spec¬ 
trum of the star is of the rare P-Cygni lype, which is indicative of 
unusually ho’t surface conditions. Tiie Harvard photographic records 
of this star do not extend much before 1890, but of course there is 
little reason to suspect that S Doradus has Imcd the supreme liupcr- 
giant for only the past brief 60 years. Rccetifc photographs with the 
large soutbem reflector have sliown that stars nearly as bright as 
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S Doradus are clustet«i around it, but unfortunateLj all of them 
are diOicult to study because, notwithstanding their great intrinsic 
luminosities, Ihe inteirening distance of 75,000 light-years dims the 
light so tliat oven large telescopes can with difficulty malco detailed 
analyses. None of the stars in the solar neighborhood is one-tenth 
as bright as S Doradus. 

3* Ordinary jwuac.—Several times a year, if we pay close attention, 
we find new stars in our own galactic system, especially in the direc¬ 
tion toward the galactic center in Sapttarius. But daylight, clouds, 
moonlight, and astronomical inactivity contribute to our failure to 
record more thnu a few percent of those that we know, from sampling, 
must be occurring. These new stars, or ordinary novae, behave much 
like the supemovae described above. But the nova phctiumenon is 
much less violent, and a star is not sacrificed by each outburs^ It is 
likelv that the ordinary nova represents the esplcuaive instability of 
the outer surfaces of a star. There is some indication that twfore 
explosion the ordimuy novae arc slightly subnormal stars of ordinary 
type. Perhaps this subnormality is at the bottom of the trigger action 
that sets them off. 

But whatever the cause of the novoe, it must be recorded as an 
interesting phenomenon, and one that probably is important in the 
general history of stars. In our own galaxy, and in the neSglihoring 
Andromeda galaxy, these novae appear so frequently that when one 
thinks back over the past billion years that the cartli’a crust has 
existed, one concludes that very many stars have blown up—a large 
proportion of them. Frequently we have remarked ihnt novation is 
so common and time has been so long that every star might have 
blown up once, or will explode during the next billion years—^in other 
words, that evolution, or development, by way of the nova outburst 
is a major and not a negligible phenomenon in this world. 

Evidence is accruing, however, that novation is a recurrent phenom¬ 
enon. Four or five stare have been novae more than once, and two of 
thorn three times since 1S60. If this be the true situation—that is, 
only stars of peculiar character become novae—^^we may remain even 
more at ease with respect to the immediate future of our sun. Its 
character is good and normal. We like to believe that the sun is 
and always will be only slightly variable {in the sunspot period), and 
will remain quite dependable, undisturbed by interstellar clouds, 
unsusceptible to nova-inciting disturbance—at least for the sort 
thousand years while the astronomers are finding out about the uni- 
verae. A nova-like change in the sun would promptly wipe biology 
off the earth, if it did not erase the planet altogether. 

At maximum the ordinary novae are supergiant stars, more t lan 
10,000 times the luminosity of the sun, but scarcely 1 percent ^ radiant 
as the average supernova. When novae appear in external ga axics 
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tJiey can be used as distance indicators because at inriximum brightness 
ihe ordinary nova comes to about the same cnndlepower every time. 
Comparing the apparent brightness with tlie real brightness, the dis¬ 
tance ill light-years can readily be computed. Xext to tlie Cepheid 
variablesj novae are the best criteria for measuring distances of gal¬ 
axies, providing tlicrc are enough found lu any given system to stabil- 
ijco the statistics, 

4. S&ms other mtpergiovtK .—^Two or three magnitudes fainter than 
the notable S Doradiis in the Large Magellanic Cloud are a number 
of others of tliosame peculiar spectrum, which lire termed tlie P-Cygni 
typo. There is evidence, not quite conclusive^ tliat these stars are re¬ 
lated to the novae, differing most conspicuously, of course, in the 
property of remsiining at high luminosities and not fading away after 
the impulsive outburst. But in addition to these bluish hot stars we 
find in the Magellanic Clouds supergiant red stars, aluiost as bright. 
Some of them are variable, and some are, indeed, long-period Cepheid 
variables, 10,000 as bright as the sun. Many resemble the 

famous red giants of our neighborhood, Autares and Bctclgeuse. A 
few greatly exceed the local red snpergiants in volume as weD as in 
radiation output. Diameters of the order of the radius of Jupiter's 
orbit, volumes 10 million times that of tlie sun, are indicated, These 
pre|Mater«us dimensions are derived by knowing the distance of the 
Magellanic Cloud, the total candlcpowers of these supergiant stars, 
and the si^cctra which indicate low efEciency as radiators. In order 
lo give out so much radiation, ilio emitting surfaces must be exceed¬ 
ingly large. Tile star S Doradug, on the other hand, which is a more 
efficient radiator, is much smaller and denser than the Antarcs-Uke 
stil^ergiantSi 

Adjacent to the Small Magellanic Cloiul is the gj'eat globular clus¬ 
ter, 47 Tiicanae, already mentioned os an intermediate between normal 
galaxies and normal star clii&teis. Its three brightest stars wpjicar to 
l>e tndcal long-period variable $tars, but they are not typical in one 
ro-^pect. Tlieir luminosities at maximum are three or four magnitudes 
brighter than most long-period variable idnrs, which are typified by 
Mira (Tlie Wonderful) Cetl, tlie first of knoiivo variables. It Ss pecu¬ 
liar, too, that the Ibiee supergiant variables in the cluster ri^ to 
111 most exactly the same magnitude at maximum, and all have periods 
of about £00 days. Thui 15 one of the coincidences that the laws of 
chance do not easily condone; there must be some deep s^ignificanee for 
stars or star clusters in the unusual j'jcrfornuuiice' of tliese supergiants^ 

Both blue and red sufiergiants api^ear sporadically in our own ga¬ 
lactic System ^ probably the occasionally detectable high I v Imninons 
stars in external ^iliixics also belong to various sj^ectml classes. Dr. 
Hubble has effecihely used the luminosities of these invariable stars. 
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uIODi^ with tho ftTOilttblc infonnation on Cophoitl vatJublcs anti ortli- 
Tiory noTaC) to g6t the distances of galaxies that are not niore than a 
few niiilioQ liglit-yeafs away. If it galaxy is as much as 20 million 
light-years distant, even these su[«rgiants cannot bo imlividually 
photograplicd with present telescopic and photographic equipment, 
and resort must be made to other photometric means of estimating dis¬ 
tances! Ordinary giant stars, like Vega and Arcturufl, arc not yet 
photographed inVny but tlie very nearest galaxies, and stars of aver¬ 
age mass and luminosity, like the siin, have so far not Ijcen photo¬ 
graphed outside our own galactic system. 

The future of research on galaxies probably depends not so much 
on the size of telescopes as on the speed and resolution of photographic 
plates and on other radiation-registering devices. But even without 
letter facilities than tliose at present available, astronomers have 
plenty to do in galactic research, for within reach are 1,000 million 
dividual stars in our own galaxy, and at least 10 million other galaxies. 
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IS THE LIFE OJf THE OTHER WORLDS?^ 


By James Jean^ O, M-t Sc.p LL, Dr, F+ K- 3.| IR- L 
Profwof of AMlrOnomif 
ItUtitution of Great Erifoin 


So long ns the earth -was believed to be the center of the universe 
the question of life on other worlds could hardly arise; there were no 
other worlds in the astronomical sensef although a heaven above and 
a hell beneath might form adjuncts to this world. TIte cosmology of 
the “Divina ComBiedia” is typical of its period. In 1440 we find 
Nicholas of Cusa comparing our earth, os Pythagoras had done before 
him, to the other stars, although without expressing any opinion as 
to whether these other stars wore inhabited or not. At the end of the 
next century Giordano Bruno wrote that ‘^there are endless particular 
worlds similar to this of the earth." He plainly supposed these other 
worlds—“the moon, planets and other stars, which are itifinita in 
number"—to be inhabited, since he regarded their creation as evidence 
of tlie Divine goodness. He was burned at tlie stake in 1600; had 
ho lived only 10 years longer, his convictions would have been 
strengthened by Galileo's discovery of mountains and supposed seas 
on the moon. 

The arguments of Kepler and Newton led to a general recognition 
that the stars were not other worlds like our earth but otlier suns 
like our sun. When once this was accepted it became natural to 
imagine that they ahio were surrounded by planets and to picture each 
sun as showering life-sustaining light and heat on inhabitants more or 
Jess like ourselves. In 1829 a New York newspaper scored a gi-cat 
journalistic hit by giving a vivid, but wholly fictitious, account of 
the activities of the inhabitants of tlie moon as seen tlirough the 
telescope recently erected by Hla Majesty’s Government at the Cafic. 

It will be a long time before we could see what the New York paper 
claimed to see on tlie moon—batlikc men flying tlirough the air and 
inhabiting houses in trecs—even if it were there to see. To see on 
object of human size on the moon in detail we should need a tele¬ 
scope of from 10,000 to a 100,000 inches aperture, and even then we 
should have to wait years, or more probably centuries, before the air 
was still and clear enough for us to sec details of human size. 

• AftfniflOfl iKlnrt, TbuinlBr. Na^-ember BO, lO-ll. afptlfitFd pprmlnlon from U* 
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To detect general evidence of life on even the neare^it of the planets 
would demand far larger telescopes then anything at present in ex¬ 
istence, unless tills evidence occupied an appreciable fraction of tlic 
planet's surface. Ttte French astronomer Fhimmarion once sug¬ 
gested I hat if chains of light were placed on the Sahara on a sulGcIently 
generous scale, they might bo visible to Martian astronomers if any 
such there be. If this light were placed so us to form a mathematical 
pattern, intelligent ifnrtians might conjecture that tliere was intel¬ 
ligent life on earth. Flammarion thought that the lights might suit¬ 
ably be arrariged to illustrate tlie theorem of Pythagoras (Euclid. 1. 
47). Possibly a better scheme would lie a group of seai'chlights which 
could emit successive flaslies to represent a series of numbersL If, for 
instance, the numbers o, 7, 11,13, 17, IS, S3 ... (the sequence 
of primes) were tratuunitted, the Martians might surely infer the 
('xi-stence of intelligent Tellurians. But uny visual communication 
between planets would need a combination of high telescopic power 
at one end and of engineering works on a colossal, although not im- 
[lossible, scale at tlie other. 

Some astronomers—mainly in the pasWhavc thought that the so- 
called canals on Mars provide evidence of just this kind, although of 
course unintentionally on the part of the Martians. Two white 
patches which surround the two poles of Mai-s are observed to increase 
and decrease with the senwns, like our terrestrial polar ice. Over the 
surface of Alai's some astronomers have claimed to see a geometrical 
uetw'ork of straight lines, wliich tliey have interpreted as a sj'stem of 
irrigation canals, designed to bring melted ioe from these polar caps 
to parched equatorial regions Pcrcival Lowell calculated that this 
could bo done by a pumping system of 4,000 times the power of 
Xiagara. It is fairly certain now that tlie polar caps are not of ice, 
but even If they were, the radiation of the summer sun on ^lars is 
so feeble that it could not melt more than a very thin larer of ico before 
the winter cold came to freeze it solid again’ Actually the caps are 
observed to change very rapidly and are most probably clouds consist¬ 
ing of some kind of solid {lartidcs. 

The alleged canals cannot be seen at all in the largest telescopes nor 
can they be photographed, but tiicrc arc technical reasons wliy neitlier 
of these coDsidcruiions is conclusive against tlie existence of the canals. 
.V variety of evidence suggests, however, that the canals are mere 
subjective illusions—the result of overstraining tlie eyes in trying to 
sec every detail of a never very- brightly illuminated surface, Esperi- 
ments with school children have shown that under such circumstances 
the strained eye tends to connect patches of color by straight Iine& 
This will at least explain wliy various astronomers have claimed to 
see straight lines not only on where it is just conceivable that 
there might be canals, but also on Mecury and the largest satellite 
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of Jupiter, where it seenis beyond the bounds of pfJ^ 5 sibili^.y thnt canals 
could have been constmetedj 03- well as on Venus, on which nenl eanals 
could not possibly be seen since its solid surface is entirely hidden 
under clouds- It may be s^lficant that E. E, Barnard, perhaps tlie 
most skilled ob^ierrer that astronomy has ever known, was never 
able to see the canals at alJ, although he studied Mai^ for years through 
the krge^it telescopes. 

A more proniiskig line of approach to our problem is to esnmltir 
which, if any, of the planets is physically suitable for life. But we 
are at once confronted with the difficulty that we do not know what 
precise conditions arc necessary for life. A human b4img transferred 
to the surface of any one of tJie planets or of their satellites, would 
die at once, and this for scverul different reasons on each. On Jupiter 
he would be simultaneously frossen, asphyxiated, and poisoned, aa 
well as doubly pre^d to death by bis own weight end by an atmos¬ 
pheric piessnre of about a million terrestrial atmospheres. On Mer¬ 
cury he would be burned to death by i he siin'S heat, killccl by its ultra¬ 
violet radiation, asphyxiated from want of os^'gen, and desJccatcHl 
from want of water. But this does not touch the question of whether 
other planets may not have develojjod species of life suited to their 
own physical comlitlons. When wo think of the vast variety of cori- 
ditiuiis uiider which terrestrial life exists on eaith—pliuiktoiu soil 
bacteria, stone bacteria, and the great variet}" of bacteria which are 
parasitic on the higher forma of life—it would seem rash to suggest 
lhat there are any physical conditions whatever to which life cannot 
adapt itself* Yet as the phy-dcal states of other planets are m dif¬ 
ferent from that of our own, it seems safe to say thnt any life there 
may be on any of them must he very different from tlie life on eartli. 

The visible siirfece of Jupiter has a temperatuie of about —138® C., 
which represents about 248 degrees of frost on the Fahrenheit scale. 

planet probably comprises an inner core of rock, with a surround' 
i]ig layer of ice some 1G,(K)0 miliis in thickness, afid an atmosphere 
w hich again is several thousands of miles thick and exerts the pressttre 
of a million terrestrial atmospheres which we have already mentioncLl. 
The only known constituents of this atmosphere are the poisonous 
gases methane and animonia. It h certainly hard to imagine such 
a planet providing a home for li fc of any kind whatever. The planets 
Saturn, Uranu^;* Neptune, and Plntoj, litdng farther from the snin, 
am idmo^ certninly even colder than Jupiter and in all prohabiiity 
suffer from at least equal dis^ibilities as nbodes of iifr* 

Turning sunward from these dismal planets, we come first to 3Jars, 
where we find conditions much more like those of our own planet* 
The average tem|ierature is nl>i:>ut —40^ C., which is also —40^ on the 
Fahrenheit scale, but the teiupcrature rises above the freezing point 
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on summer afternoona in the equatorial regions. The iitmosphcre 
contains at most only small amounts of oxygen and carbon dioxide^ 
perhaps none at alJ, so that there can be no Tcgetation comparable 
with that of the earth. The surface, in so far as it can be tested by 
a study of its powers of rehectjou and polarkation, appears to con¬ 
sist of lava and volcanic ash. To us it may not seem a promising 
or comfortable home for life, but life of some kind or other may he 
there noverthelevSS. 

Being at the same average distance from the sun as the earth* the 
moon has about tlie same average temperatui^, but the variations 
around this average temperature are enormous^ the equatorial tem¬ 
perature varying roughly from 120* C. to — 80“ C* The telescope 
shows lugh ranges of mountains, apparently volcanic, interspersed 
with Hilt plains of volcanic ash* The moon has no atmosphere and 
consequently no water; it shows no signs of life or change of any 
kind, unless perhaps for rare falls of rock such as might result from 
the impact of meteors falling in from outer space. A small town 
on the moon;, perhaps even a large building, ought to be visible in 
our largest telescopes, but, neeillcss to say, we sea nothing of the 
kind^ 

Venus^, the planet next to the earth, presents an interesting prob^ 
lem. It is? similar to the earth in size but being nearer the sun is 
somewhat wamicr* As it ia blanketed in cloud we can only gue^ as 
to the nature of ita surface* But its atmosphere can be studied and 
is found to contain little or no oxygen, so that the planet^s surface 
can hardly be covered with vegetation os the surface of the earth is. 
Indeed, its siirfaco is probably so iiot that water would boll away* 
Yet no tiace of water vapor is found in the atmospliere, so that the 
pLinet may well be devoid of water. ^ITiere are reasons for thinking 
that its shroud of cloiids may condst of solid particles, possibly 
hydrates of formaldehyde. Clearly any life that this planet may 
harbor must be very different from that of the earth* 

The only planet that remains is Slercui^, This always turns the 
same face to the sun and its temperature ranges from about 420* C* 
at the center of thia face io unimaginable depths of cold in the eternal 
night of the face which never sees the sun* The planet is too feeble 
giflvitationally to retain much of nn atmosphere and its surface, in 
so far a^ this can be tested, appear? to consist mainly of volcanic aah 
like the irioon and Mars. Once again we have a planet which does 
not appear promising as an aht^le of life and any life that there may 
be must be very different from our own. 

Thm our survey of the solar sysitcm forces iis to the conclusion 
that it contains no place other than onr earth which is at all suitable 
for life at all resembling that existing on earth. The other planets 
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rulwl out largely by unsuitable temporatureg. It used to be 
thought that ilars might have had a temiwratiire more suited to life 
in some pest epoch when the sun’s Fadiation was more energetic than 
it now ig, and that similarly Venus can perhaps look forward to a 
more temperate climate in some future age. But these ^lossibiiities 
hardly accord with modem views of stellar evolutioix. Tim s?un h 
now thought to be a comparativdy unchanging structure, Avhich has 
radiated much as now through the greater part of its past life and 
will continue to do the same until it changes cataclysmically into a 
minute “white dwarf” star. "RTicn this happens there will be ti fall 
of tmperatttrts too rapid for life to survive anywhere in the solar 
system and too great for new life ever to get a foothold. An regaitU 
suitability for life, the earth seems permanently to hold a unique 
position among the bodies surrounding our sun,. 

Our sun is, however, only one of myriads of titara in space. Our 
own galasy alone contains about 100,(K)0 million stars, and there me 
perhaps 10,000 million similar gala.ties in space* Stars are about 
UA mimcrous in space as grains of sand in the Sahara. What can we 
say alsout the possibilities of life on planets surrounding tliese other 
simst 

We want first to know wliether these planets exist. Observational 
n^?tronomy can tell us nothing; if every star in the sky were surrounded 
by a planetary system like that of our sun, no telescope on earth could 
reveal a single one of these planets^ Theory can tell us a little more. 
While there h sonic doubt as to the exact manner in which the sun 
acquired it« family of planets, all modem theories an? at one in sup¬ 
posing that it w^ts the result of the close approach of another star. 
Other stars in the sky must also experience similar approaches, al- 
Ihough calculation shows that such events must l^e escessively rare. 
Under conditions like those which now prevail in the neighborhood 
of the sun, a stnr will experience an approach close enough to generate 
planets only about once in every million million million years. If we 
suppose the star to hove lived under these conditions for about 
2,000 million years, only one star in 500 million will have cxi>crienced 
the necessary close encounter, so that at most one star in 500 million 
will be surrounded by planets, Tliis looks an absurdly minute fraction 
of the whole, yet ivhen the whole consists of a tliousand million million 
million star^, this minute fraction represents two million million stars. 
On this cuculation, then, two milUon million stars must already be sur¬ 
rounded by planets and a new solar system is born every few hinm. 
The calculation probab]}" needs many adjustments; for instance, con* 
d it ions near our sun not necessarily typical of conditions through¬ 
out space and the conditions of today are probably not typical of con* 
ditions in past ages. Indeed, on any reasonable view of stellar evolti* 
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tion, <?uch star must have begun its life ns a vast mass of nebulous 
gftfl, in which state it would present a far more vulnerable tarjget than 
now for disruptive attacks by other stars. Detailed calculation shows 
tlmt the chance of a star’s producing planets in this early stage, 
although not large, would be quite considerable, and suggests, with n 
large margin to spare, that although planetary systems may be rare in 
space, their total number is far from insignificant Out of the thou- 
sands or millions of millions of planets tlmt there must sui-ely be in 
space, a very great number must have phj^sical cotidHioniS very similar 
to those prevailing on earth* 

We cannot even, guess whether these arc inhabited by life like our 
own or by life of any kind whatever. The snme chemical atoms exist 
there as eiiat hero and must have the same properties, so that it is 
likely tlmt the samo inorganic compounds have formed there as have 
formed here. If so, we would like to know how fer the cham of life 
bos progressed, but present-day science can give no help^ ’We can only 
wonder whether any life there may be elsewhere in the universe has 
succeeded in manoging its affairs better than we have done in recent 
years. 


SOLAR E^VDIATIOX AND THE STATE OF THE 
ATMOSPHEKE^ 
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Foi' a w(?ek before the gi^Ht aurora of Septciubor 18. 1911 ^ ’with the 
attendant widi?-spread disturbunca® to radio cominnoication^ tlie sun 
had been heralding the event. Altfiotigh tlie sunspot cycle has been 
definitely on the ’wane since 193T, the week preceding the ISth pre¬ 
sented one of the largest groups of spots seen in recent years, so con¬ 
spicuous^ in fact, that it was visible to the naked eye through suitable 
dark glasses. The forecasting of interruptions to radio conimniucation 
ia of increasing significance in these days of national defensci but tJic 
ability to foresee communJeation interruptions has been a recent result 
of intersified interest in the stduy of relatioirships between solar dis¬ 
turbances and terrestrial atmospheric conditionsL 

The sun is a typical star of rather ordinary proportions, but because 
of our projdmity to it, the sun is the one star upon whose mdintlons 
activities on ttie earth are unalterably dependent* Military camp-LUgns 
as well as agriculture since the dawn of civilization must be govemed 
by the seasoi>s for which the clianging declination of the sun is llie 
major a^tromonical factor- Witli tlie conquest of the upper air for 
transijortation and the use of atmospheric electric waves for world¬ 
wide radio communication, the study of die eun^s radiations in relation 
to our atmosphere has become an astit^nomkal pioblcin of far more 
than academic interest. 

Not a day passes but that our United States Naval Observatoiy in 
cooperation with other observatories lias a complete pliotogiiaphio 
record of the conditions of the sun^s surface, ^^hen a huge solar storm 
is in tlie making, comuiunlcation agencies are forewarned days in 
advance of probable periods of interrupte<l radio reception* The ques¬ 
tion of the relation of sunspots to the forecasting of weather is still 
in a controversial stage, but meteorologists are beglmiing to realize the 
increasing significance of conditions in the high atmosphere to the 
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lower Tftgiotts in wliicli our weather appears to arise. Ail weather is 
fundamentally traceable to solar radiation. The amount and itie char¬ 
acter of this radiation^ particularly in its relationship to atmcisphem 
phenomena, merits more detailed consideration. 

ITrom observations at tJie Smithsonian Instittiiioni the amount of 
energy that the sun emits has been measured with such preciBion that 
we toow not only the quantity of heat and light emitted, but that this 
quantity varies from time to time by some 2 or S perceuL The aver¬ 
age energy received by the earth fit>m the sun is about 450 million 
million hor^power. ^cause of the relalively inalgnificaiit size of the 
earthy and also the gj^at distance that separates us from the sun— 
a distance of &3 million mile^—our planet can intercept but about 
one twQ-billionth of the total sohit output- Even so, if vve stop to 
consider what the cost to us would be %vcre we charged for a year’‘s 
sendese of lieat and light from the Solar Utilities Power and Light 
Company, would find our indebtednesa mounting to staggering pro¬ 
portions. At a price of 1% cents per kilowatt hour, the annual budget 
llmt would have to be allowed for sunshine for the continental United 
States alone would i-epresent an expetidkuto of 32T quadriUion dollars. 
Such figures are indeed dilRcuit to imagine. If we change our picture 
to a more re&dricted one, w*e can say that the cost of sunahinc forGreatcr 
New York at the above figure would amount to approsimatelj 100 
million dollars for the average day. Fortunately for us, millions of 
years ago this same sunshine provided the energy for growing the 
vast tropical forests of Uio carboniferous era. Tlia carbon in those 
fallen tree trunks that w e are mining today in the form of coal together 
with die Tfater power provided by the viLst irrigating aystems main¬ 
tained by I he sun’s radiation is the souri^j for tlie maintenance of our 
public utilities and industries today. It is an interesting question as 
to how long the sun can maintain its present output of radintion and 
how far into the future we may rely upon its ability to furnish us with 
this all-es^nlial source of energy. It upponrs probable that within 
tlie hot interior of the sun, which nmy bo estimated in terms of millions 
of degrees, an n toniic traiismutaUon is taking place that has been going 
on for millions of years and is likely to continue for ti long time to 
come. Through an ingenimis carbon cycle recently worked out by 
I'rofesMr Bethe, of Cornell University, we picture the ultimate trans¬ 
formation of hydrogen into helium with the continual relcflise of 
energy in tho form of radiation that represents a los of jiiass to the 
of some 4,200,CWO tong every second. We scarcely n^cl worty, how¬ 
ever, about the deterioration of the fuel supply while the sun has about 
2 ,(XK),(X}0,0(>0,OCK),000,000,000,000,0^ tons of matter still left in it. 

If we onulyze the radiation from the sun we discover that it covers 
a wide range of w'avo lengtiis. Certain of these wave lengths or fre- 
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qiiencies produce tlieir own special effects upon tJio earth and its 
atmosphere. 

'W'e are all fomilinr with the fact that if sunlight is split into 
its component colors hy means of a spectroscope we can see a large 
variety of the radiations represented by tlie various parts or colors of 
the solar spectrum. The visible range to which the eye responds 
represents frequencies extending from 400 milUon million cycles jicr 
second to a frequency jnst about double tliis, or 800 million million 
cycles per second. The sensation of llie higher of these two frequen¬ 
cies is that of violet light, and the sensation produced by the 400 mil- 
lion million cycle frequency is that of deep I'ed light. In between these 
two extremes of the spectrum fall the intervening colore. But outside 
this so-called visible range to which Uia eye responds there is a 
scale of radiations both beyond the red end of the spectrum, which 
wo call the infrared, and fur down below the violet, which we call 
the ultraviolet. 

By means of the photographic plate, we con extend the map of 
the spectrum in either direction, h'ar out beyond tlio red end arc 
heat radiations from the sun that may be measured w-ith the tliermo- 
pilo or the bolometer. Today much research is being done in measur¬ 
ing the extremely short waves, or high-fi-equcncy radiations out beyond 
the violet, for tlic ultraviolet is coming to have increasing importance 
not only from the point of view of health hut from the point of view 
of the radio engineer. 

The sunlight w-hich we measure or analyze at the earth’s surface 
is, however, seriously modified by the absorption introduced by the 
constituents of otir own atmosphere. As w‘e all know, the earth’s 
atmosphere consists of nearly 34 oxygen and % nitrogen. There is a 
sprinkling of carbon dio.xide with a bit of argon, neon, cryptou, xenon, 
and a trace of helium. Here at the earth’s surface we can count on a 
little more than 1 percent of water vapor. For a thorough mixing 
of the elements of this atmosphere and the maintenance of Its tem^^era- 
ture os well as tlie variation in its tempeiature, we rely upon the suit. 
Occasionally we have vividly impressed upon us the relntioDj:]np of 
our atmosphere to disturbances on the sun, by disi^laj's of aurorae or 
the Polar Lights, often flaming gorgeously red and stretching 100 
miles above tUe earth. These glowing electric discharges advertise 
the lofty air swarming with the traflic of electrons, ions, and particles, 
jostling one another as they are excited by radiations from the sun 
peculiar to tlie occurrences of sunspot activity. 

Observations with the spectroscope indicate that there is much 
radiation at the extreme ultraviolet end of the spectrum to which 
the earth’s atmosphere is completely opaque. A great deal of the 
absorption of this region of the solar spectrum of very short wave 
lengths is caused by a layer of ozone which exists at an average height 
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of tthoMt 92 kilometers, but ^hich probably occupies a region ostend' 
Liig from 15 to kilometers. If all tbe ozone m this region were 
to be brought to the standard conditions of temperature and pressure 
of our atino^^phere at the earth^s ^rface, it would represent a layer 
of only 2 to millimeters in thickness, Tet this small amount of 
ozone is the defense between us and extremely dangerous radiations 
in the ultraviolet region of the sun^s light. Were the absorptioUr 
however, of this region of die solar spoctnun even a little greater 
than it is, we should be deprived of that small amount of ultraviolet 
light filtering through our atmosphere diat is so essential for health 
and the production of our sunshine vitamin D. Wlicther or not 
variations in the sun^s radiation are suliicieiitly great or changes in 
the absorption of tlie earth^s atmosphere sufficiently large to bring 
about dangerous variations in the production of vitamin D in Kving 
organ bans at the earth’s surface Is an interesting question for specula¬ 
tion and for investigfition^ 

We can be confident* how’ever, that it is a fortunate combination 
of the sun and our atmosphere that makes life oti the earth possible. 
The sun not only radiates its health'giving sunshinej but it al^ emits 
literally death-dealing raya. Were it not for the protecting ahlcld of 
the cartldg atmosphere, the sun would be the annihilator of us nil* 
The atmosphere provides on the one band osygen for maintaining 
life, and on the other hand protects ns from the highly penetrating 
rayg. It is a sort of a buffer state, the very lop of which receives a 
violent boinljardment of high-frequency radiations from the sun, and 
the lower layers of which form a blanket that enahles the earth to 
retain during the night much of the warmth generated by the sun¬ 
shine that has penetrated through It, thus mitigating the extremes of 
temperature between night and day to which the earth would other¬ 
wise be subjected. 

If we look at a cross section of the earthV atmosphere, it may for 
convenience be divided into three zones or layers in winch the strato¬ 
sphere occupies the middle ground. The region below the strato- 
sphere is that which contacts our immediate surrounding and 
provides tlie winds and atmospheric currents, giving rise to all our 
weather. TVo call this lower region comprising perhaps the first 5 
or 6 milca the troposphere* The region above the stratosphere la 
the ionosphere. If send a recording thennometer aloftj we find 
that whilo passing thrfiugb the troposphere the temijerature steadily 
falls until a height of 10 or 12 kilometers is reached, when the 
temperature reaches the extremely low value of ^5=" C,, or some 
68 '’ below zero Fahrenheit. Stnmgely enoughj for the next 30 miles 
or M there appears to be little change in temperature. This is the 
region of the stratosphere. The weather forecaster for the strato- 
spliere would have a relatively simple task, for day after day, year 
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in and year out, Iiis prognostications would be ‘‘^clear and cool^” and 
his forecasts would be lOO percent correct. At a height of 60 kilome¬ 
ters or some 40 mileSr the temperature would begin to rise again. 
Itocent investigatious pve some evidence tlmt at extreme heights, 
up where the auroral fires play, temperatures of 1,000® C. have 
to be postulated to aocotnU for the piesence of tlie ionized osjgen 
that is there. The extremely rarefied condition of title upper at- 
mospherCf however, calls for perhaps a quite differont interpretation 
of temperature than tliat to which we are ordinarily accustomed 
when delemiining temperatures by the thermometer at the earfcli^e 
surface. 

Ascending tli rough the cross sections of tho atmosphere, we find 
there is a rapid decrease in the amount of atmospheric pressure. 
Within the first 3 uiilea from the carth^s surface* half the total 



ttAfts ftCFioftt 

FiGijita 1.—Rrladvc frequency at occurrgiiirvs of iiururec at the Blue HUI Obsrrra- 
tory bofnre and after years of aiuiS|iQ| toi^xlmn- 

nmount of oxygen and nitrogen, the principal atmospheric ingredi¬ 
ents, are included. The iimiiiiig height to which the thinning 
atmosphere extends is somewhat difficult to fix. Perlih |>3 wo should 
place it at 200 to 300 niilr>^, although recently Dr. Carl Stormer has 
observed auroral streamers reaching to heights of 600 kilometer^? 
or more. Where auroral streamers go, some uf the thin atmosphere 
must extend. 

If we make a chart of the numbers and occurrences of aurorae we 
find there seems to he a curious eounectiou between the frequency 
and brightness of auroral displays nnd the state of the sun as marked 
by the appeatmnee of annspots. Professor Bruoks, director of the 
Blue Hill Observatory, has kindly nlJowed me access to the recoivLs 
made of aurorae at that station for the last 30 years. Utilizing 
the observations of the brighter aurorae, we may make a graph 
showing the variationg in the auroral frequencies occurring in years 
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distributed v^iih respect to tb& maximum occurrcnce.'J of sunspots. 
The fewest number of aurorae appear to occur from 4 to 6 years 
before or after the years marking suu-spot ma.tinia. The time when 
auronte appear most frcftuently would seem to be about 2 years after 
the passing of the maximum uf sunspots. These results corroborate 
rather well those of a longer series of observations tabulated by Pr. 
Clireo extending for over 100 yenrSj or from 1T50 to J8T7. 

The fact that aurorae extsur with far greater froquenej during 
veal's when sunspots are more numerous tlian during the 3'cars when 
there is a Bcarcity of sunspots suggests limt the electrical effect in 
the upper atmosphere is something for which a disturbed solar 
surface is responsible. There is, 1 believej a gofxl reason for the 
fact that the maximum in the aurorid disphiys occuis a year or two 
after the year of most aunapots. As sunspots begin to wane in 
numbers, they am nevcrtlielesa occurring in regions progressively 
neamr tl^e solar equator, attd as the sun% equator is inclined but 
slightly to tha plane of the eartlrs orbit, wc may draw the inference 
that BUit'ipots are most effectively associated with the occuri^nce of 
aurorae when, other things being equal, they am most nearly In tlio 
geometrical plane that the earth travels in its journey around the 
sun. 

Much of qur present knowledge of auroraa is due to the exhaustive 
studies and mathenuttical calculnlions of Dr. Stonnt^r, of Blindem, 
Norway. By careful analysis of the motion of charged particles 
in the magnetic field of the earth, he has been able to deduce tracks 
of ionization m simulating auroral forms os to indicate very signifi¬ 
cantly ill at such discharges in the upper atmosphere are indeed tjio 
result of bombardmeuts of electrons coming in from outsude, warped 
by the magnetic field of the earth. In endeavoring to express such 
phenomena on an electronic hypothesis we may well look at the sun, 
therefore, for a consideration of the character of sunspots and so 
trace any possible mechanism by which corpusculur charges might 
be ejected in the region of the sunspots themselves^. 

When we look at an enlarged view of a sunspot and analyze the 
light from it, we find that the dark interior center is surrounded 
by a turbulent area. Photograplia taken in the light enutted by 
hydrogen at a particular frequency reveal that tliere nre whirling 
masses of gas, arranging themselves in veritable vuitices. Them is 
every indication, then, that n sunspot is in rciUity a terrifTic solar 
hurricane. It was in 1908 that t!ie late Dr, George Ellery Halo, 
the founder and director of the Mount Wilson O^rvatory, firbt 
observed that sunspots were giant cyclones in the sun^a atmosphere. 
Tliey are indeed very simibr in their formation to the tropical 
hurricanes tliat originate in the West Indies and sweep northward. 

With photographic emulsions made ca^peciftlly scjisjtivo to the red 
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light emitt<NJ by hydrogen, tbcri; may be photogt^pbed on a moifing 
film the entire sobir aurface bo far as it b covered by bright liimino^is 
hydrogen clouds* The resulting representations of the sun appear 
very different from photographs tnnko in ordinary lightu Not only 
ft re large clouds of hydrogen gas discernible all over the sun, but 
In the neighborhood of sunspote they often seem to be swept into 
the heart of Hie spot as if they were ctiught in the center of a whirls 
pool Such an appearance might be presented by the top of a ter¬ 
ras trial cyclone or toriiado if photographed from a stratospheric 
balloon. The dark center of the spot forms the center of the vor- 
tes; Uie outlying shaded region that cliaracterizes the so-called 
]>eDuriibra of the sunspot would represent the turbulence bordering 
upon the central funnel about which the atmospheric particles are 
rapidly rotating, nius we see there is a close analogy between the 
meteorology of tropical cyclones and that of sunspots. To carry 
the analogy still furtherj apots north of the sun*fi equator are in 
general whirling in one direction while corresponding spots south 
of Uie equator whirl in the opposite direction* If the rotatitjn of 
the one is dockwbe, that of the otlicr is counterclockwise. This 
again is characteristic of the differences of rotation of tropical hurri¬ 
canes on the earth originating in the northern and southern hemi¬ 
spheres, respectively. 

Had it not been for the trick of splitting up sunlight into isolated 
fi-equencics by nieaiift of the spectroscopej we should never haro bad 
pictures showing tlie esistcnce of solar vortices such as wc have 
today. In the ordinarj" photograph of the smij the light emitted by 
every chemical element in the sun’s atmosphere is clamoring to tell 
jLs story. The result is revealed in a rather jumbled picture of 
wdiat ist happening on the ?nn. Tlie spots show up as dark legions 
only when the light-emitting power of every element of the sun is 
dnnmged in tlie vicinity of these violently disturbed! regions. 

The speelrt)scope is very much Uko a highly selective radio re¬ 
ceiving Set* The sun is a high-powered station sending out lights 
broadcast in all the wave lengths and frequencies^ When we look at 
tlie sun or photograph it with a telescope alone, wc are using all the 
light and air, so to speak, operating a radio receiver which admits all 
frequencies at once. Tims we get a composite but very jumbled picture 
of whot is liappening on the aan*3 surface ns far as details are con¬ 
cerned* By means of the spectroscoi^, however, the photographic 
apparatus^ to continue oirr analogy, must be tuned to a dngle frequency 
such as the 470 million megacycle frequency that the red line of 
liydrogen emits. Tuned to this frequency the spectroscope stills the 
tiitnult of all other elements and lots liydrogen tell its o^vn story. It is 
then that we obtnjn the clear photographs conveying so beautifully the 
detaJicd information about the vortical whirls around the solar storm 
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centers thut wguld otherwise be lost in the jumble of too inaiij story 
tellers. 

It has long been known that the fi-equencies of light waves are 
distorteJ if there is n powerful ningtietic field surrounding the light 
source. This bad been demonstrated in the laborator)' shortly after 
the reason for such a phenomenon had been given by Zeeman in 
18&4. When the Mount Wilson observers first examined and 
actually measured the freqttencj' of light coming from the center.^ 
of sunspots^ it was found to have ehanged frequency in exactly the 
way that light waves are distorted in the laboratory when a power¬ 
ful electromagnet is placed around the source of light being ex- 
ami neck If additional proof were needed for the ex pinna lion of tJke 
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FroLiLE 2.—The trenU nt nun^itioi hm been deOnUely downward elnce 103? 

Curre of u umbers b^ tbree oionthH avoragos. 


diangetl frequencies, it may be stated that the double and triple 
lines found m the spectrum of stinspots indicated that the light 
was polarise! just ^ in the ease oi the polarized light wavi^ coming 
from tile laboratory source upon which the magnetk field ia ini- 
pressed. lliUS came the startling revelation that sunspots were 
not only tcrtific humcanes hut every center was m itself a powerful 
magnet. Since a magnetic field may exert a repulsing effect upon 
swiftly moving electrons, we see some reason that charged electric 
particles can be actually hurled from sunspot centers at velocities 
which may carry them through apace into the earths atmosphere, 
thus ionizing the upper regions of the air in a way that would 
produce auroral displays. In the light of such a mechanism, there¬ 
fore, we see a possible reason why aurorae occur in greater ntimbers 
ant) at greater brilliance at times when these solar storms occur 
most frequently. 

With the new unsurpassed equipment in^rtatled at the McMatli-Hul- 
bert Observatory of the UnivetflUy of Michigan, motion pictures of UiC 
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sun's surface have been made on many different frequeitcJea of the 
iiun’s radiation. These cinematographic reconJs promise more material 
for the mtense study of the behavior of tiie HoJar surface than has ever 
before been available. Some of ttie movenxents in the high solar at- 
moflphere over the regions of sunspots revealed by this new process of 
recording continuous motion at present defy explanation and may yet 
completely revolutionize our ideas of the sun's behavior |Mttern. 

Perhaps the terrestrial effect tiiat lias most nearly paralleled the sim- 
spot cycle is the variation in the state of the earth's magnetic field. For 
over 100 years, it has been definitely known tiiat the direction of the 
comiiass needle and the intensity of the earth’s magnetic field show 
definite relationships. In the years when sunspots are most numerous 
magnetic disturlKinces an? most frequent and appear with marked in¬ 
tensity. The years when sunspots arc most numerous follow with 
more or less regularity an interval of somewhat over a decade between 
the times of maximum sunspot activity. This solar cycle, or sunspot 
period as we sometimes call it, is usually conceded to be on the average 
of about 11.3 years duration. An examination of a graph will show 
that sometimes iJie interval between maxima may be as siiort ns 9 
ycal's and on occasion as long aa 17 years. 

The last maximum of sunspots was passetl in 1937 and we m e well on 
uur way on the down side of the cycle. It wa-s not until the more 
recent discovery of an ionized region in the upper atinospliere of the 
earth that any real explanation appeared as to why sunspots and 
changes in the earth’s maguetic field should show so close a parallelism. 

Evervono knows in a general way that the earth is a magnetic spliere. 
That tiie compass needle does not point true north except in various 
restricted parts of the globe is also a fact which is generally recog¬ 
nized. Perhaps comparatively few who are not geomagnsticians 
realize that tlie compass needle is constantly wandering back and fortJi 
every day by a sliglit amount. When the sun rises in the east) i he north 
end of tile compasi n(.*edle turos slightly tovvard that direction. By 
noon when the sun is south, it is pointed in its normal position. Then 
in the afternoon as the sun wanders and seta in the ivest, the compiiss 
needle wanders likewnfc to tlie west, coining back again to its normal 
[wsition about midjught wiien the sun is below the tiortliem horizon. 
This goes on day after day, month after month—but during the years 
when sunspots are most numerous tliese daily excursions of the com¬ 
pass needle will on tlie average be twice as great w during the years 
when sunspota are lacking. These diurnal wanderings of the compass 
needle can now be roughly explaincti as due to the effects of ionization 
of the upper atmosphere by sunlight. jVs the electric charges beoonu' 
separated in the proctws of ionization f the omiecules of nitrogen and 
oxygen under the bombardment of ultraviolet light from the sun, 
tlie movements of these ions create a pei'ceptible current, deflecting 
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tlie ctimpa^ needle from its nonniil magnetic po^itioTi* We may infer, 
therefore, thnt at times of sunspot the number of tlie^ ions in 

the upper iiir is materialiy increased, producing a more marked mag¬ 
netic effect. Tliestix^ngth of the magnetic field of the earth, therefore, 
may be considered as increasing and decrensiiig witli the variation in 
the inteiiaity of tJie ionbEtition of the upper air that changes with sun¬ 
spot occurrences. Most of oiir knowletige of tlse ionixed region has 
come about through the InTention of the radio. 

In the early days of wireless it was thought that electric waves 
which carried telegraph messages without wires traveled in straight 
lines over the earth, just as light waves do. With this roncepiioii 
one could never liojie to communkaie over very great distances, aince 
the curvature of the earth would prevent tlie pas^iuge of the waves as 
the earUi^s huge bulk bulged i uto the commun ica t i on [la tin T!ie earl i er 
wireless engineers tlmught tJiat only by building higlicr and higher 
antenna towers could one uUiinatcly hope to comnuinicitte over ilir 
thousands of miles that w ould make transoeentiic wireless possible. 

Of course, tiiese early crude notions about the ^vay in which electric 
ivaves travel were erroneous. Such, nevertlicless, is the way in which 
science has groped into the unknown Somebody e3C[>cr]minting with 
wii'eless and listening in found hinisdf quite unconacituisly eaves¬ 
dropping on Marconi waves from the other side of the Atlantic. 
Instantly the thought about how wirdoss waves travel had to be 
changed* Evidently the electromagnetic waves followed the curvature 
of Uie cartli and did not travd in straight lines after alL This led 
Professor Kennelly of Harvard to postulate that there must exist high 
above the earth’s surface, ijerhaps 100 miles or so up, an electrified con¬ 
ducting layer from which the elect romognetic wavea emitt^l from the 
powerful antennae were reflected liack to eartln The eardfa tjp|ier 
atmosphere, therefore^ in his mind formed a conducting layer and 
uaprison&d the radio waves between the eRvih^ surface and 
outside. A few months after Professor Kennelly publishe*! his 
hypothesis, tlte Englhdi scientist, Oliver Heaviside, announced a simi¬ 
lar coucliision quite indcjiendentlyp In honor of these two distin- 
guiahed men this upper region of the earth’s atmosphere that is 
electrically ionized is cotomonly referred to as the Ki nnHIy^Heavmda 
layer, also designated as die E layer. 

If we look at a diagram (pi 2) which presents a vertical section of 
the earth and its atmosphere^ we see that this Kennclly-Heaviside layer 
exists at an altitude of from 100 to 130 kilomeie^ Radio waves 
emitted from a sending station in all directions arriving in this ionized 
region have tlicir velocity and direction changeil as they pen etrate 
fartlier and farther into the region, until at length they are bent 
back to earth again, i*csching receiving stations hundreds and some¬ 
times thousancK of miles fimi the source whence they w^ere broadcast* 
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This region lies f^r abqve the stmtosphere and generally above the 
region that is usuoUy regarded as that where ozone is manufactured. 
This E layer Is part iuukrly faTOn\bh for reflecting or turning back 
radio waves of the frequencies which are most generally used for 
commercial brondrasiing iti connection w'lth onr entertaiiunent pro¬ 
grams. Radio waves of much sliorter wave lengths or of Ingher fre- 
qiieneies peiietmte and actually traverse tlirougli tliis region until they 
reach wlmt apiwars to be anotlier ionized region called the F layer, 
originally postulutcd by Professor Appleton in England. This F 
layer lies some £1)0 ktlometei-3 high or in the territory where auroral 
strenmers stage their gorgeous displays. If the lonizLition of these 
upper regions is tuore intense as wo near the period of maximum sun¬ 
spot activity, one might well expect that some clmnge might he 
obscrvctl ill connection with rad lo transmission. 

Anticipating a new field of research, a Boston radio engineer, G, W. 
Pickanl, and myself become interested in the making of quantitative 
measurements of radio reception during Uie sunspot maximum of 1028 
in an endeavor to discover if such anticipated effects on radio com¬ 
munication could be nicasiiml. After a few years’ observations, it 
appeared to lx: evident that wlxcn solar activity increased the field 
ulreiigih of a Chicago broadcasting station observed in Boston notably 
wonkcued. whereas ns sunspots became less numerous there was a 
marked iticrcitse in tlic intensity of the radio waves from Chicago. 
A similar investigation carried on during the decline of sunspots from 
1930 to 10S2 Intween Chicago a fid the Perkins Observatory of Dcla- 
wiire, Ohio, yielded data to iiuliente that with a decrease of sunspots 
from a monthly average of 60 at the beginning of 1930 to a monthly 
average of about 10 in 1932. radio reception increased sixfold in ils 
intensity, 

CoTiiinued observations of the Cliioago-Boston field strengtlis in 
iccent years have continued to substantiate the general effect earlier 
observed. While there may he a COO percent cliange in the field 
gtrerigths between a sunspot maximum and a sunspot minimum, this 
docs not mean that tlie degree of ionization in the Kennelly-IIciiviside 
layer has been tiltcicd by this amount. The Bold strength of a radio 
wave at a given dLstimce for a given frequency depends upon the angle 
of reflection or refraction which in turn Is dependent upon the degree 
of ionizal ion. Field strength also depends upon the absorption of the 
waves, which Is n function of the conductivity, Appleton has esti¬ 
mated from his olwcrvalions that the ionizotion and the elrctrlcfil con¬ 
ductivity of tiie E and F regions in passing from sunspot mniiraum 
lu smisixit ininimnm have shown variations of TjO to CO percent imply¬ 
ing that the solar ionizing agent (ultraviolet light) responsible for the 
fortnaljon of these regions in the ionosphere varies from 120 to l&O 
percent during the sunspot cycle. 
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We tJitis see that mdio becomes a sensitive aod estremely useful 
tool in rwofding changes of degree of ionization of the upper atmos¬ 
phere. When wo ohser^T radio field stt*ength3 at long distances wo 
are in a way tracing an integrated effect throughout the whole trans¬ 
mission path for a given frequency^ 



FiauJU; ^-—Tivnd radio fleld wrtFlil received at Boston compareii 

with sunspot activity Tft3<}-lJMO. Top curve (b) rejirE^nts stinotait nuiaiber^ 
flver enlSre disk of sun; mldJIo eurr-e (c) represents varfntlaii Sn ureas of mn^ 
spots of zones of solar latitude 0“ to ±15* either side of the sun's eatiator [ Jow- 
est curve reproseiits varlaclon In rndJo field stren^g cerreeufd fur aco- 
soonl and dhirnal variations. The fact that the ioweai carve pnrnllels closely 
Sunspot activity In the 0* to ±15*^ zones aug^ts eHeet of golar diisturhiiuces 
Is greateHt whon tjsotft are near solar eqiiatoi'. 

Another way in which we gain imiwrtnnt information 03 to the 
stints effect upon tlie upper lYtiiiospbere is by making radio sounding^^ 
from day to day. This methotlf which has been in use for same 
years at the National Bureau of Standards^ at the Department of 
Torreatrial Magnetism of the Carnegie Institution in H’aaJiington and 
cIscwherCj consists in .sending up a radio pulse of known frequency 
and recording its return from tlie reQecting layer. The time elapsed 
while the wave was traveling tins path to the Ionosphere and back 
iB measured with high pi-ecision on an oscillograph. Assfuming that 
the radio wave travels with the velocity of light, one can culcnlate 
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from the elapsed time the height to which the pulse ascended before 
it was turned hack by the ionosphere. 

Soundings made of tlie ionosphere rev'eal different conditions at 
various times^ displaying marked changes in tlie tonic density that 
are dependent upon the hour of the day and the season of the year. 
Etoutine radio soundings include cl^anging the frequency at which the 
radio pulse ia emitted. If the frequency is sufliciently increased, the 
shorter and more penetrating waves may pass completely through the 
ioni^ layer and not retitru. Whew such a frequency is attained, it 
is known as the critical frequency. 
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Fiecac 4.—-crSilcttl CreqUKiKiIes follow Curve emootlieij hy U-aiuotli 

movlDj; a?eraitt¥»- 

The close i^ation between the observed critical frequencies and the 
rise and faU in solar activity marked by sunspot numbers has been 
ao apparent during the last 10 years that the National Bureau of 
Standards now undertakes to predict 3 months in advauco the best 
usable frequencies for radio cowimunicatlon based Ufiou the sun¬ 
spot cycle. 
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During the laJrt: few years of simspot aetiTity, there have been 
Dccnsions when remarkable fade-outs have occurred iri radio com- 
niuniculion. In sereral of these instances extraordinniyi explosions 
havi! ciccurrul on the £un simultaneously with the interrupitou uf nil 
radio communication in general. It wonlcl appear that the intense 
ionising radiation from the region of the sun where these eruptions 
occur teaches the earth with the velocity of light and of suflicient 
intensity to disturb iintucdiAtely the ioniKed layer, confusing tJio 
reflection of radio wnves, and thereby insulting in these fade-outs 
which sometimes last for an hour or more. Records at magnetic 
observatories show that during such instances characteristics of the 
earth's magnetic field arc likewise suddenly altered. 

Could we vistialt^e the ethereal substance of the ionosphere as we 
visualize the surface of the ocean, -m-c shoiild find times when terrific 
storms were raging in this ionosphere. Hero ions and electrons are 
being hurled hither itnd yon as through some great electrical wind 
played upon its surface, creating waves literally miles high. Fre¬ 
quently the turbulence attains sucli proportions that no reflecting 
Eiirfacc for radio communication seems [>Qssib1e at all. IVtien dis¬ 
turbances on tile sun subside, the undulations in the ionosphere may 
quiet down and there is n return to more normal conditions for com¬ 
munication tmfRc througli this ocean of the upper air. 

TTliile knowledge of the euui has helped us to understand the 
vagaries of radio, we are coming to see lliat radio is one of the most 
important tools for learning about what happens on the sun and how 
ilistitrhances there affect, the ions in this upper air. Perhaps some 
day, even though the sky is cloudy, shall have a suflicieat numher 
of reports of radio conditions over the glolie so Ihut we can form iv 
very gocal idea as to what is happening on the surface of the sun 
by the way in which world-wide radio commiiniratfon lichavcs. 
Unlike the telescope, radio apparatus does not go out of commission 
when the sky ib overcast, for electric waves, of course, puss through 
the clouds as easily us ordinary daylight comes through window glass. 

Concerning tlio exact method or methods by means of which the 
sun produces all these electric disturbances of tlic upper air with 
the concomitant magnetic variations in the earth, we still luck r 
great deni of knowletlge. The fact that the ultraviolet radiation 
from the sun is tiio major factor in producing thw ionization appears 
ft rcasoiinble assumption, ■miethcr or not, in addition to the effect 
of tile ultraviolet light, streams of charged particles also emanate 
from the sun in the regions of sumspota is perhaps still debatable, 
yet there is aceumtilaring evidence that in addition to the wave radia¬ 
tion front the sun there is also a particle radiation that is primarily 
responsible for the violent magnetic dLsturbanccs such as nccompanied 
the marked soJar aclivity of Easter week in 1940, The ciaborate 
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mathematical work of Dr. Stomier^ in calculating the movements 
of h 3 'pothctical charged particles from the sun striking the upper 
atmosphere of the eartli and thereby producing aurorae^ would eer- 
t;iinly seem to favor the idea that corpuscular radiation of some sort 
is responsible for this pUenomenoa. 



Curi'c 9hawt3L|it correspondenee tiet^-eea Bunaprn ncdtrltj, torrf^lrlal 
Uku rb£kEij?*«i, li! fltu rba neea in the F Jnyer nml flold Ln tlie brikEiil- 

cast tmnd (E injor}. Alt are plotted wllh refipe?ct to hetore and nffer 
br-li;ht uanoTtie- 

We have recently made a study of our last 10 years of recoidings of 
field strengths from ITOKM Chicago us received in the vicimtj of 
Boston for days iramediutcly preceding and following conspicuous 
auroral dis|>laya. Comparisons hare also been made of the index of 
sunsixjttedneas for the sRine intervals. It was irumediately apparent 
from our statistical analysis Uiat on the averago auroml displays 
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followed by 1 day the highest Talue of suiispottediiess, und that on tlie 
average 1 to 2 days after the auroral displays oocurreU, the weakest 
field strengths on the 770 kc, frequency were recorded. Since waves 
in the broadcast band are returned from the E layer of the ionosphere, 
it would appear that tliere i^ a deJinite lag of from 24 to 48 hours be¬ 
tween the disturbances in the auroral ^one and the greatest deteriora¬ 
tion (ionization) in the E layer. Had we similar incasureiueuts of 
tield strengths at higher frequencies rej5resenting waves returuiug from 
the F layer, we might exisect a similar effect to occur at an interval 
intermediate between the time of maximum auroral display and the 
time of minimum field strcngtlis from the E layer. Such field-strength 
measurements are not available, but fortunately througb tiie coortesy 
of the Bell Telephone Lalioratorics we hnd available a record of their 



transjiiii^Joti dlstiirbaiic-cs (»vcr oceanic paths. Taking the reciprocal 
of these traiisinission-disturbance numbers, we have an index of trans¬ 
mission ooudilions CDmp.iTable to the field-streiigth measurements in 
the broadcast band. A plot of these transmission dif,turl>ances for re¬ 
ception from the F layer indicated a lag of roughly 12 hours after tlie 
aurora) displays for the minimum tnmsmission conditions. This pro- 
vid^ perhaps as clear a confirmation ns could have been anticipated for 
ionization disturbances occurring more promptly in the F layer than 
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in the E Layer. The curve of mHgneitc disturbance in the earth^s field 
parallelg very closely that of transtnii^ion disturbances in the F layer. 

In utilizing field-strength measurements for comparison wUh cosmic 
phenomena it has been necessary to apply corrections for the well- 
known diurnal and seasonal variations which depend upon the extent 
to which the ionosphere has been illuminated by sunlight during the 
preceding day. If such correction is not applied* we have of n 
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marked seasonal trend with a miniiouiu of reception conditions in sum¬ 
mer and a maximum in winter* The appropriate correction curve has 
been derived from over 0^000 hnlf-hourly periods of observations^ 
covering a range of —^5® to ^70® in the angular depression of the eun 
below the horizon during the ol’servatioTial periods utilized. 

The possibility that an annual or seasonal change exists that is not 
aUowcd for by the changing declination of tlie sun led to the reesami- 
nation of all our data of the last few years with the result that a resi¬ 
dual annual change apparently exists with a maximum in April and 
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Miiy and a minimum in September and October, Tiie curve of diis 
residunl annual variation strikingly parallels the annual change tn tiie 
distribution of o£one in nortliern latitudes as derived by Dobson. The 
parallelism of tbese two curves suggests that possibly tiie cause of the 
eliange in the OKone distribution is intimately asstx'iated with tliat of 
the changes in tlie ionosphere resulting in tills variation in licid 
strengths 



KioCbe 8,—Rcfflduttl Wji»iui1 v»rlnllnq In flpld strcnglhb ef Willi M altpr rorrec- 
rleiis for iwlllght pffcct or angle of tleprosslcm of the am below the horlEon 
Tlie form of the curve \a sliuJlar to llmi of theaeiiseiml vjirlutlon of uaoiie cotl- 
tunt of the upper air. 

For the pursuit of these studies in cosmic terrestrial rclationslups 
a new laboratory for cosmic terrestrial research has been located in 
tho Outskirts of the town of Xeedham, where conditions are 

fnvoi^ble for radio propagation studies witli a minimum of inter¬ 
ference, and for obsci'Vationa of atmospheric elect ric phenomena away 
frf^m the contamination due to manufacturing in a metropolitan area. 
The building provides approximately 2,300 square feet of floor space 
for offices and laboratories. The oljserrational program includes tiie 
continuous recording of solar radiation, ultraviolet light, atmospheric 
potential gradient, ionic content of the lower air and atmospheric 
electric discharges, us well as the continuntiou of the measinx'monts of 
field intensities of radio waves both in the bmdeast bund and at bich 
frequencies. ^ The relationship of solar observations, irmization phe¬ 
nomena at high altitudes, and radio-wave plienomeiui to the meteor- 
olo^ of the lower air affoitlH passibilitioa for extensive investigations 
which may become of increasing importance. 
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Attempts to correlate weather changes with solar phenomena haro 
thiia far met with varying suexsess- In spite of inany ronfSktiiig re¬ 
sults, it tippcnrs that in general the tcmijerainre of the world at large 
is somewhat higher at sunspot minima than at srunspot masimii. This 
at first paradoxical, since we might well esp^^-t that at sunspot 
maxima the 4 fon would send us more heat and ladiation than at sun- 
spot tnininiiu Many of Dr. Abbot's ohservationsj especially during 
the earlier years, seem to corrobomte this- Yet tlie surface tempera¬ 
ture of the globe could be actually cooler in years when the eartli is 
receiving more heat from the sun, for increased heat produces in¬ 
creased evaporation which iti turn generally results in increased rain¬ 
fall. Increased rainfall actually lowers the temperature of the earth^u 
surface and again, by evaporation, continues to cool the air imme¬ 
diately above. Furthermore, with the warming of the eartli, a vast 
connect ion al system of atmfjspheric currents results. As air warmed 
near the surface of tlic earth ri^se^, cold air flows in from the polar 
regions with its chilling eflects. It appears entirely possible that 
even with an increase in the heat received by the earth from the sun, 
as far as surface conditions are concerned, actually lower tempera¬ 
tures would occur at selected regions. 

As far as changes in the sun^s nidiatiou affecting the genei-al circu¬ 
lation of the atmosphere are concerned, it is to be expected that such 
changes would ultimately give rise to tho fonnatlon of storms and the 
storm tracks resulting. One of tho difhculties in estabUidiing any in¬ 
timate connection between weather and sunspots is that oiir observa¬ 
tions of weather tend to be very local. 

If progi^ is to be made, it w ill come tliroiigh a oonscionsness of the 
distributiou of weather as a whole over the entire globe. From a 
more accurate picture of world weather, indications for weather in a 
given locality at a given time nuiy be more easily estimated. 

Looking at the w^eather on a work]-wide scale, Henry Jlelm Clay¬ 
ton, of Canton, Moss., has found that pre^ures os?cillate from one 
region to another in some way which appears to doi>end upon the in- 
tenidty of solar activity* He finds there is an opposite trend over the 
coniinents and oceans in summer as compared with winter, and that 
tliB trend is different in the equatorial regions from that in the extra- 
tropical brlu. In the equatorial regioDs temperatures are distinctly 
lower at stiuspot maximum and higher at sunspot minimum. The 
same is tme in the North and South Temperate Zt>nes 5 but in the 
arid regions bordering the Tropics, the temperature actually aver¬ 
ages a little higher arotind sunspot maximum than at sunspot mini- 
irium. From his studies he concludes that while the North Atlantic 
shows IQ to 20 percent more precipitatioti, the eastern half of the 
United States is in the region w^hero niinfall is actually less during 
maximum activity on tlie sun. He conclude5( that our weather is the 
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result of certaiD progressive wavelike movements of certain disturbed 
areas, orginating in diftcrent parts of the world. With each cycle of 
rdinnpp in solar activity, the ceiiti:3ra of high barometric pressure move 
from high latitudes to low Inti lodes and hade again. The amplitude 
of tlieir oscillations and the speed with wlitch those waves jjrogress 
appears to tw inversely proportional to the length of the period of 
oscillation. 

In years of unusually high sunspot maxima, as w'as the case in 10^7, 
areas of high pressure appear to Iw puished farther northward. The 
return of these highs to low latitudes with necoinpunying colder and 
clearer weather may, he believes, be so retarded under such instances 
as to invert the phase of a cycle that may have persisted for some 
time while tJie amplitudes of tlie uscillaiiuns were of less magnitude. 
Thus there will occur several years when the differences in burometric 
pressure between tl^e equatorial region and Xorth Tem|3crate Zone 
liccome greater than normal, to be fallowed by several yeara when the 
pressure dilleivnccs become less thnn normah The shifting of these 
cental's of action, Clailon believes, is definilcly associated with sun¬ 
spots. 

Vai'ious attempts have been made to attribute climatic cycles to 
dianges in solar activity, Periiapa the most outstanding scientific 
contribution in this direction has come from Prof. A. E. Dougla& 4 , of 
the University of Arizona, who lias spent u lifetime measuring varia¬ 
tions in tree growth, especially in the forests of the Southwest and 
in Califomia. Douglass noted that sequences in jieriods of rapifl 
gio^vth of trees, as measured by Ulc widths of their rings, follow very 
closely the sequences in the sunspot cycle. Since variations in tree 
growth suggest variations in precipitation, he has aceumulnted a vast 
amount of evidence for alternations of wet and dry periods vuriable 
with the sunspot cycle, carrying records backward for some 3,000 
years. His studies appar to indicate that at least for selected regions, 
trees have shown most growth when sunspots were most numerous. It 
does not spiicar improbable, how'ever, that die growth of trees inte¬ 
grates all favorable conditions nnd that tGm[>erature, the quality of 
.^nnlight, and the amount of ultraviolet radiation nil enter liitct the 
growth rate of trees as well as does rainfall. 

Sunspot periods have also been traced with minor discrepancies in 
the flow of rivei's and the level of lakes, some regions responding much 
more clearly than others to the sunspot cycle. 

Altogether we see there are many indications tliat the earth r^ 
s^ionds to tlie changing state of the sun over an interval of a little 
over H years nnd often by double this period or approximately 23 
years, Wliether all tlie effects produced in the eartli and its atmos¬ 
phere that are noticed at snnspot maxima are the result of the sun¬ 
spots themselves or whetlier the state of the sun and its whole sur- 
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roundings are so activated as to clmnge materially the cosmic environ¬ 
ment of tlie earth is a question stiU nnansiivercd. 

In summary, we have reviewed a few of the important ways in 
which the sun and the atmosphera are closely associated. The ^lar 
cycle marked by the coming and going of sunspots appears definitely 
to be reflected in gicomngnetic phenomena of the earth, in the ionizix- 
tion of the upper atmosphere aileeting all radio communication, in 
climatic cycles of tho past and in a somewhat eomples manner with 
weather variations today. Perhaps some day terrestrial effects yet 
to be discovered may in turn become predictable through cycks timt 
follow law and order. Difficult as the pursuit of such investigatieiw 
may be, results already attained are a stimulus to sustained effort, and 
we are becoming increasingly conscious witlial of a more intimate te* 
lationship between the earth and ita cosmic environment than could 
have been suspected a decade or two ago. In this cosmic environment 
we may be assured Uie sun will play a major role. 
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THE SUN AND THE EARTH S MAGNETIC FIELD * 


B/ A. ^rJE3L1^'ti 

Diipiirim€nt uf 2^err^t/ridl Jfa^c^ittin, JrtJiJIbrHoFt of 


LWita 10 [lUteii] 
iNTRODUCTnON 

The Smithsoaian Xii^itution has been intercstetl since its iounda- 
tion in 1S4G in researches involving the sun^ lU first Secretaryi 
Joseph Henrjj was also interested in the earth's uiagnetisin and in 
i&30-^l made a scries of obser^'iittons at Albajiy, N. Y.j to deterniine 
its intensity, and ob^rved and re|Mrtcd upon a magnetic disturbance 
in connection with the appcaratice of an nuronu lie nurtured tlie 
idea tliat solar Investigations might be advanced by the application 
of laboratory technique. By the use of thermoelectric appamtus in 
connection with the solar disk projected by a telescope on a screen 
in a dark roomt he conclnded that a sunspot emitted less heat than the 
anrrounding parts of the luminous disk» As a member of the faculty 
of Yale College, he accompanied his friend A, D. Bache^Amcrlcan 
pioneer in the study of the earth magnetic field—who went to Europe 
in 1837-38 to purcha^ instruments for the first magnetic observatory 
(Girard College, Philadelphia) and survey in tlie United States. In 
one of his memoirs he says, -‘^It ransl now be admitted that magnetic) 
is not confined to our earth, but is common to other and probably all 
bodies of our system.^ Tlirough these researches, coupled with others 
pertaining to various aspects of solar radiation, Henry foreshadowed 
the productive researches in solar physics so ably conducted and en¬ 
couraged for many yeaj^ by tlie present Stx-retary. 

Wo are all acquainted with certain familiar a^^pects of the sun. We 
all know dial it gives us light and warmth- We have all seen it set 
in die eixning and—^ince the introduction of war time—many of ua 
have seen it rise in tlio luoming. Biologists have interpreted tlie 
phyaiologiqiil effects of the sun's radiation on plants and animals and 
have shown how the chlorophyll and other suhstanceis in vegetable 

' TibH cirrentb Arihur LccIiite fIveoi uJaOoT tha aWplM ot tbo HmltlllWilMii lIwUtntliiii, 
Febmaiy i&li. 
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Liysue coDverl sokr energy inty chemicui energy und bovv tile tun's* 
mys falling on living onimab create vitmniMs so e^isentiul to healthy 
development Paleontologists and geologists have shown how the 
energy has been captured in the past and preserved for us through 
ihe ages, even though we are now forced to waste much of that pre¬ 
cious energy in the prosecution of the war. There arc, in addition, 
certain effects of the sun’s radiation not directly pei*oeptible to our 
senses but nevertheless of considerable importance to our modern Uvea. 
1 refer to the great physioclieinical action of the sun’s radiation on 
our outer atnia^phere. Through this inten-erdiig medium the sun 
affects tho earth's magnetism, produces polar lights, and makes pos¬ 
sible transmission of ratUo messages over great distances. Through 
study of these effects we are able in turn to obtain a better uuderstand- 
ing of solar plienoinena. In particular, we have learned that the sun 
not ouly sends out wave nidmtion but particle radiation as well, and 
tliat the intensity of ultraviolet radiation from the sun far exceeds 
what should be expected from observations of its visible radiation 
alone. Our subject is tliis aspect of the sun and Sts manifold conse¬ 
quences on the earth. 

SOLAR PHKXOMKNA* 

The sun is an ever-changing, seething sjihcrr 304.-300 miles in dia¬ 
meter. When viewed tlirough a telescoi> 0 , its surface api>ears grttn- 
ularj this is because of small variations in teini>erature over rek' 
tively small areas (a few hundred square miles). Must ubvious of 
solar surface disturbances are the vei-y large dark arcas^in reality 
luminous, but dark by contrast—known suu^ipots,. which frequently 
appear. These vary greatly in siJ-e and on rare occasions may be ah 
most 20 earthediaraelcrs across. A ^pot about 30,000 miles or 2 earth- 
iliametere across can be seen with the eye through ti piece of smoked 
ghist-. Its day-lo-day tuotjon rfiows that Uie sim rotates in the same 
direction as the earth. Sunspots tend nl.^ to occur in pairs, Oiough 
having smaller companions, with tlio larger or more stable spot in the 
direction of the aim's rotation from left to right as seen from the earth. 
Tliey are solar tornadoes in which the whirling gases sliow features 
resembling the field of im electromagnet. Tim great flaines called 
prominences, seen mors readily near the erlge of the sun, may remain 
relatively steady for several days, occasioually ih form of arches. 
Eruptive prominences, attaining heights of hundreds of thousands of 
iiiilej, may apiieur in rapid succession, in arched form, above an area 
ifubsequeiitly occupied by sunspots. The following motion of the gas 

^Tiif autbiir In InriJtiard td irHinbi^Eii cr tii« vtaa ar thr Mmitit wiiBon 
fiftlly IMr«rfor W. S. Aiiiiiiu and lo Dra. S^ih B. KiflmlsoD And E. S. Kk^hArdKm, fr«ii 
whftm atUcI^v Itti3cb At th^ nuLttet' Jii ibii icfttoa pQ iK^lftr ptununifnii U nod Uf 

P^rmliMlOn ta n^prodiKT momr of tbu Obwm ticniiLffoT idlAf pboterrmpbi. 
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clouds escaiiitig into surrounding spncc is not readilj traced be{:au.“o 
of the rarefaction and decreased liiniiiiosity of the gas. 

The arena involved in these rapidly changing granulations, sun¬ 
spots, and the long bright streaks or faeulac, usually branched, and 
other phenomena accompanying siiiispotfi are so small as contrasted 
with the whole area of the sun that the direct cffiait of their variatiorui 
is rai'clv more than a fraction of I percent of the total solar radiation* 
Tims these phenomentt must be indices of some more fundamental solar 
change rather than dii*ect factors causing any large measurable changes 
in the amount of solar rndiation-—as will appear later in the discus¬ 
sion of their effects on the magnetic Seld of the earth, 

Tlie unsettled and tronbled conditions on the aim extend outward 
for vast distances into adjaccent space. The brightly illuminated 
gaseous material foimts the beautiful soliir corona, formerly observtvbU' 
only during eclipses but now photograpbetl at times other than eclipsi^i* 
bv means of special optical instnimimts designed some years ago by 
1 he F reach Ecienti st Lyot at Pic du Midi, The coronal envelope varies 
in a marked way with variation in frequency of sunspots. The stream¬ 
ers and plumes near the poles of the sun suggest in sha^ the line.s 
of force of a spherical magnet, and near the equator sometimes extend 
outward many solar diameters. 

In 1908 Hale, at the Mount Wilson Observatory, showed tliat sun- 
six}ts have intense magnetic fields, whicli for large sunspots may be 
of intensity 3,000 to 4,000 gausses or more-niomparuble to those be¬ 
tween the pole pieces of large dynamos. Small spots SOO to 300 miles 
in diameter have field strengths about one-thirtieth as great, In gen¬ 
eral, the field strengUi at the center of n si»t is roughly proportional 
to the logarithm of the radius of the dark and cooler central part or 
umbra and diminishes toward zero at the outer and lighter [mrt or 
penumbra. The discovery of these magnetic fields was made through 
study of characteristic features of spectra of sunspots utiUxitig the 
25eemfln effect which reveals that when light is passed through n strong 
magnetic field each single spectral line is turned into a doublet or trip¬ 
let—the dniiblct when tlic light is viewed in the direction of the lines 
of magnetic force and the triplet when viewed in the perpendicular di¬ 
rection, Tlie stiiength of the magnetic field is determined from the 
differences in the wave lengths of the separate computieiits. Th«'e 
observations show lliat the lines of force are norms! to the surface at 
the umbra of a spot but that toward the ixjniimbm they spread out¬ 
ward. 

Many sunspots are surrottndetl by hydrogen vortices os aliown by 
photographs of the sun’s surface by the light of hot hydrogen or cal¬ 
cium. From these p1iotograi>hs, estimates are made of the great 
rapidity of vortical motion. Tlie direction of rotation nf these vor¬ 
tices is generally counterclockwise in the northern hemisphere and 
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clockwise in the southern. The direction of the vortical rotation is 
associated with (ho direct ion of the mflgnetic field of a spot 5 two spots 
for which vortical motion is opposite have oppositely directed mag' 
netlc fields. 

Fop routine observation of magnetic fields and sunspots a special 
analyzer is used by which one determines the magnetic polarity of a 
sunspot, observing merely whether the positive (red) or the negative 
(violet) component of a lino is transmitter]. 

Suns[X}t3 usually a])pcnr in elongated groups, and spots at opposite 
ends of these groups have opposite polarities. Although it was soou 
realized that the number of sunspots varied with time, it was not 
ttniil 1843 that Schwabe showed that they occurred in cycles. From 
the results since then of many years of obeen-ation by devoted observers 
in all parts of the world, the apottedness of the sun htts been found 
to vary in a somewhat irregular fashion with an average period of 
about ll years, Tliis IX^year cycle does not progress smoothly but 
in short-period pulsations which vary in length from about 16 months 
to periods ns short ns 5 or 6 montlis. The polarities of spots in a new 
cycle are opposite to those after Uie minimum of the preceding cycle. 
The spots at the first of a new cycle are in zones about 30 “ from tlie 
equator; they gradually approach the solar equator nt the end of the 
cycle. Thus solar activity apparently has a fundamental cycle double 
that of the 11-year cj'cle. ITtc fact that spots have been more 
numerous in alternate ll-year cycles also indicates this. From the 
viewpoint of efTocts on die earth, the ll-year period is probably more 
important. All spots appear to move across the sun’s disk from east 
to west. Many single spots and groups of spots, which have passed 
from sight around the sun’s western edge, have been recognized on 
their reappearance, after about 2 weeks’ time, at the eastern edge. 

It has been concluded from the rccu nances of such groups that the 
period of the sun’s rotation is about 27 days. To be more prcclsci 
the interval elapsing between two successive passages of a spot across 
the sun s central line la a little less than 27 days for spots on the sun’s 
equator and this interval increases to more than 28 days for those 
midway between the equator and the pules. Siiote are rarely observed 
any nearer to die sun’s poles. The outlines of sunspots arc variable; 
some do not reappear at all and others exist tliroiigh several rotations, 
but rarely persist for longer than half a year. They dq not endure 
as do the surface irregti lari ties on the earth and moon. 

Observations by the spectroscopic method luive shown that the sun 
also has a general magnetic field somowhat like that of the earih with 
opposite poles of tuiclmnjpng polarity in the northern and southern 
hemispheres. However, the field intensity is small and unusual care 
is required to detect it. The measurements made at the Mount Wil¬ 
son Observatory indicate that the north magnetic pole of the sun is 


BU3T AKD THE EJLBTH'S MAGNETIC FIELII— 177 

about I** fi'om its pol« and thus much noarcr than Is tlio case for the 
earth 'whoisc magnetic axis mahes an angle of 1L°5 with the axis of 
rotation. From variatiou in the inclinEition of the tnngnctic axis 
of the sun as tlie sim rotates, it appears tliat the magnetic pole lotutes 
about the geograpiiical pole once in about 31^4 tlays- Tlie sun’s mag¬ 
netic Held is aboiit 59 gausses or 100 times greater at its surface than 
the maximum ralue of the magnetic held of the earth and its intensity 
decreases rapidly with height. 

Exceedingly brilliant clouds occustonully burst forth suddenly on 
the sun and roach maximum brightness in u few minutes and tlien 
slowly subside These spectneuiur bright eruptions usually last imm 
10 to 30 minutes, depending upim tlieir brightness, although soiiie of 
the most brilliant hare remained as long as a few hours. They 
usually occur in tlie ncighborlKJod of maguetically complex—usually 
also abnormally actiTe^-suospots, which cluinge rapidly in form and 
size. Tliey dare up into the solar atmosphere far above the level of 
the sunspots like sheets or tongues of dame extending outward; 
often, brilliant fountainlike prominences are observed over such active 
spot gi’oups. Tlie upper region of the solar atmosphere where these 
clouds appear is called the chromosphci'C, and in It are also the many 
other fainter and niore stable prominences. Although the latter ore 
much fainter, they usually extend higher above the solar surface than 
the vety bright clouds that appear so suddenly. Because of their 
brightness and almost explosive nature, these active prominences are 
called chromospheric eruptions to distinguish them from lees Intense 
eruptions. Spectroscopic analysis of tlie light from the chromospheric 
eruptions shows that tltey are composed mainly of hydrogen and 
helium. 

It has been found that chromospheric eruptions produce terrestrial 
effects throughout tbo daylight hemisphere on the earth. The visible 
radiations of these bright eruptions cannot account for the obsemcti 
results on the earth, indicating that an immense increase in the in¬ 
visible or ultiuviolet light must accompany them. These eruptions, 
with their direct almost simultaneous effects on the eartli furnish the 
first and only evidence which hns<so far been obtained of positiva 
terrestrial changes pro£luce<l by specific solar phenomena and iiave 
opened tlie way to the solution of many problems of influences of 
solar activity on the earth’s magnetism. 

THE tZARTH S mUNIvTIC FfET.!) 

The complex nature of geomaguetism—the general magnetic field 
of the earth“ftnd of its varied plienomcna is still a riddle. Despite 
several centuries of speculation and research, there is ps yet no ad^ 
guate explanation of how the earth liecatno magnetic or why it 
remains so. Associated with this problem js the “perpetual vari- 
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ability” of geomagnctiaii at any one i)lace—cliafiges, on tha one hand, 
slow wUan compared with tlie life span of the individual, as in its 
long-time or secular change, and, on the other band, rapid, os in its 
short-time or more ephemaml changes; it is largely in the latter that 
we find interrelations with cosmical phenomena in space about us. 

The compuss appears simple though mysterious in its directive 
ability which domon^ates tliat magnetic forces ato present every¬ 
where about us. This is evidenced also by the inductive magnetic 
action of tiie earth’s field upon a material highly susceptible to such 
action, for eaample, an alloy such as iienualloy with unusually great 
capacity for transient induced magnetisation in weak magnetic 
fields like that of our planet, When a thin long rod of permalloy 



L—Suiiajiat ibiiubcrs sui) cycile^j of jiIub nnd iuJdii 4 pol-arllicf^ 1000-]^.>40. 
(After li- 


is directs toward the north tnagnetic pole of the earthy the mag¬ 
net izat ion induoetl in the bar by the geomngnetic field k quite suffi¬ 
cient to lift siiialJ of i>eriiitiiluy* But us the rod is turned with 
its length nt right angles to the field imd thus in the direction least 
faTorable to inductioa^ it loses the magnetism induced by the earth 
and will no longer support such metal strips, which fall* But that 
which is apparently simple is often tlio most baffling ns in this 
]}erhaps not in the physical priiLciples concerned^ yet cerlainly in the 
origin and obserred periodic and aperiodic fluctuations of the forces 
ill Vi Jived. 

The first pei'ception of the natunil plienomena of geomagnetism 
through the directive projierty of a lodestone or magnet freely sus¬ 
pended in the eartli^si field is veiled by the myths and legends of 
southqjolntlng chariots in China some 4.500 ago and of its ap¬ 
plications by the Egyptians, the Phoenicians, the Greeks, sud the 
T.atins. However, there is definite ami well-Eutheitticated evidence 
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of the use of this property iu imvigntion fay the end of the twelfth 
century A, D. 

Alfignetic dip or mclmation was unknown until 1581, when Bob- 
<Tt Xormun of Ltoudon, a practical seatuan uiid instrument n^aker, 
publisliiHl ‘‘The newe Attractive, containyng a short discourse of the 
Afagnes or Jjodestone, and amongest otlier his vertues, of a lie we dis- 
couL-i'isl secret and subtill propertle, concemyiig the Dcelinyng of 
tlio Needle, touched theiiewith umier the jilaine of the Horizon,*** 
Noraian mounted his needle on a hurizoiitul axle so that it was fi-ee to 
move in the vertical plane and observed the actiJul dipping below 
the horizon. This gave the first hint that tlie amree of tile mag¬ 
netic field of the earth might be within tlic globe and not in tiie 
Stulls as previously supposed. 

Thcru'C onward (here was gradual transition from the field of spec- 
uhttion to that of scientific investigation, and in 1(500 Gilbert pub¬ 
lished his famous book on the magnet, the first treatise picturing tiie 
earth s action as a great magnet, a conclusion which preceded New¬ 
ton’s uniioiincemeivt of universal gravitation. A jcntury later Hal¬ 
ley’s world charts showing “^vari at ions’—that is, declination—of the 
comiiass oppeartHl. Wikke’s chart of magnetic dip or Inclination 
was puLlisheil in iTCtB Charts delineating magnetic directive force 
resulted from Humboldt’s observations on his Aniericari joiirneya 
during l7fKI to 18(K1. 

The periwl including the end of the eighteentli century and the 
first half of the nineteenth century was an ora of unci|Ualed con¬ 
structive work in geomagnetism by many eminent stholari. Among 
these may be mentioned Ilumlioldt, Gauss, and Lamoiit of Germany, 
Sabine and Airy of Great Britain, Poisson and Dutierrey of France, 
Qui'telet of Belgium, Hansteen of Norway, Kuptfer of Eiissia, und 
Nicollet, LiK^ ke, Loomis, Uache, and Henry of America. 

That thoughts on this subject were then not limited to scientific 
men is evidenced by a discourse of John Quincy Adams in our House 
of Kepresciitatives during preliminary alei>s bearing on the establish- 
ment of tho SmilliMinian Institution in which he said; 

Wliiit DC luiknowi] of mtnd Ik yet • , . to be revealei] Id trueinji ibi; 

cDDses of tbe eyiopiitby between tlie mAgrtet iuilI the pole—Umi iiomn^ 

terlfll fiplrltp wlilcb WAlkD with us Uir£Jiit;h Ibe most oDlsipglei] foitsifl, 
tiio liifiJsL [Dtoriiiinable wlldemej^ aiul n^rosa every rogiun of t\ie pfithleea 
by by ulght . , , WIki can wlloe^ the iDOTcments nf tbsit trem- 
Hlrtiifl ntWIe, po\si^l tifwin [ts center, stlU tt^mrinE to the iwjLtt stiir, wkliont 
If Uiflll of amii£t;mciit atipraut-ljtng' to MipefAtltluD? 


■ In iri*4 fj^re ItnrlhLiitLii of Ntsmuburi: Aintifd hw bid AotlciM tbit ■ Pm^rwl uot only 
™ila« friJiD tho uorth ud tueuft |i>iTKrd the niffl hdt a]so polotj ddwlivinl. [riirtiii4t]n, 
bOwcTftr, Uld nol SlOEint hfai hoosllO iu stioh Ji miBner u to ihnir Um prodoe imount of dip 
■iil illd ^aniii.1]. 
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Th« picture of magnetic phonomcoa is mcojnpleto if viewe^nly 
in n man-made laboratory, eveu though 
there an artificial magnetic field within a apijce of ft 
13 100000 and more times as rntenso as tlmt of the earth, Fo 
mateiy^Kature provides not only the earth and 
great mag.«tic laboratory but also continuously 

ulUbtag .. W-t- to «f. to n.^". ^ to 

from space. The interpretation of observable date in eo T«st a 
Jabomtlry requires special types of research and, in unique degiee, 
world-wide coordination of data and espcrimcnt. No single wed- 
planned experiment or obsen'fttion can solve the prohkins present!^ 
Obsen atio^ must bo made in all parts of the world and 
continued over a long period. Techniques for the or^nizatioii and 
interpretation of these dale must be develo]^d and expenme^al 
tcsearchca must bo conducted along lines which will supply mforma- 
tion on basic properties related to the subject. Ihus it is on y 
through mutual assistance and cooperation of itiv^igators m 
eeonhysics, in gwlogy, in astronomy, in physics, and in mathema- 
we may hope to forward interpretation of nuturol phenom¬ 
ena Progress in the earth sciences is not tho result of intlividuBl 
research; it proceeds not from tlie isokted work of the y* 
from the coordinated efforts of the many. Truly, some mdiv,duals 
may contribute more tlmn others to this evolution of tinderstandmg, 
but their power to contribute is to a largo extent determined by the 
works of their [iredecessors and of their colleagues. 

Tlie ceomagneiic field extends far out into the atmosphere and be- 
vond it Even 4,000 miles above us it is still one-eighth ns great ^ 
it the earth’s surface. Our globe may be regarded as npproiimately 
a uniformly magnetized sphere with iU axis making an angle of 
ll.«5 with Uie ask of rotation. Although but feebly magnetized as 
compared with tho magnetization attainable in high-grade ^gnet 
Steels, the average intensity of magnetization is many orders of 
maernitude greater than that observed in ordinary crustal rocks. Ap- 
priiable irtegularilies in the field exist, but they do not cause 
Lreat departures from the field wliich would be produced by the 
lumlhciicBl uniform magnetization. Tlio momenU of the uniforra 
i)i.rtion of the earth’s magnetism, the axial, and tho equatonal com- 
Lnrnis ill centimeter-gram-second units, as determined by Bauer s 

and jV, = 1.60 X 10 **, i^pccti vely. If tho magnet ism were d let r ibii ted 
“iformly throughout tho earth’s volimio, the average intensity of 
macnctization would be 0.0(4 centimctcr-gram-sccond unit. A 
general idea of the field may be obtained by the distribution of iron 
filings over a disk magnet, but in reality the earth’s field is much more 
complicated. 
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The principal mngnefie poles ate distant 1;^ miles or more from 
the geographic poles. The north magnetic pole^ visited in 1831 by 
It OSS and in 1003 by Aruund^n^ is in Boothia Peninsula in north 
Canada {latitude 70.^5 norths longitude 05.*'5 west). The south 
magnetic pole^ reached in 1009 by E. Davidi Douglas Mawsoiij and A. 
Mackay, of Shackleton^s British Antarctic E^]>edition of 190T-09, is 
in Soutli Victoria Land of the ^“^tarctic Continent (latitude 72* 
south, longitude cast). Thu^ the line joining the magnetic 

poles is not a diameter of the earth but passes at a distance of some 
T50 miles from its center. It is to be noted that the equivalent axis 
of the uniform magnetization intercepts the northern heiiusphcro in 
latitude T8**5 north and longitude 69." 1 west. Thus these so-calkd 
^'‘geomagnetic” poles are considerably removed from the actual mag¬ 
netic poles as observed. 

Measurements to determine tlie earth’s magnetic field at any point 
and time must include ubscrviitions of three magnetic elcnicuta, 
namely: (1) ifagnetic declination or direction, the angle between the 
true astronomical north^soufh meridional plane and the vertical 
plane through the magnntic north-south direction as defined by the 
Compaq; (2) magnetic inclination or dip, the angle through which a 
magnet entirely fixe to move would dip below the horizon in the 
magnetic north-south meridionnl plane* and (3) the total magnetic 
force, acting in the miigrietic meridionfll plane or its horizontal com¬ 
ponent or its vertical component. 

Painstaking and patient recording and analyses of the complex 
geomagnetic variations through days, years, and decades at observa¬ 
tories and on magnetic surveys on land and ifca have disclo^d cer¬ 
tain systematic fentiircs and irregular variations of these, all of 
which may be designated as time changes of the geomagnetic field. 
The more pfonoimced systematic and periodic features are the secu¬ 
lar, daily or solar diurnal^ limar-day, and annual variiitions. 

Secular variation is a progressive change, that is, a slow age-long 
variation; it was first noted in compass direction^—the so-called varia¬ 
tion of the inarsner—by Gellibrand in 1634 who announced quaintly 
that "^variation is accompanied wkh a variationJ’ It takes important 
part in navigation at sea by magnetic direction as indicated by tho 
compass—a use wlucU at i mu la ted and maintained interest in deter¬ 
mining its value from the time of Columbus. Before the invention 
of chix)nometers it was thought that geographie position might be 
derived from knowledge of changes from place to place in magnetic 
declination and inclinatioii* Tliis kd to the first systematic oceanic 
survey by the astronoinep Edmund Halley in the Atlantic Ocean 
during 1698-1700 on the pink* Parajn^r, Halley^s was tlie first 


*■ A plmk li bh Q.U'FTOWritfniH] HilllELif 
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Fmritfv 52,-“Ctuirtfl showing secular change of gwnnognetlsicu Upper^ 
iili¥ctlun or decllaiitlon ftt six staycuL-j; ctioter, lines of *cro magnetic decUnfi- 
tlou or ii^onlcjs with dotg on skle of Hgotiie on wLlcb deidinatiunfi nne eastorly | 
lowerp tinea of *ero mnifiietlc tuclLnatioii or IsocUnlcs, 
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chart to sliow lines along which the compass direction differed froio 
the true norili by the same angle^ Uiat lines of equal magnetic 
declination or isogonica Corresponding isoclinic and isodynamie 
charts show Jiueg of equal dipping or inclmation mid of equal hori- 
zontah verticalj or total magnetic force acting on. the compass. World 
charts of these magnetic contours for different epochs show marked 
chatigiLs in their trends—changes cutised by secuinr YariatiniL Secu¬ 
lar variations show apparent small-order dependence in their pnigress 
on the suruspot eycle. 



Fiouhe 3.—lK4>iDagaelJc chart rif tine# nf eqijsU ur laoeoiiti^p epctch 

1030. rAfter U- S- H^dn.gnipLlc OfliccO 

The ^und important tiine change is tho 24 hour daily or solar 
variation* Tliia variation tukes place chiefly during daylight and 
clianges in a more or lcs§ regular manner in magnitude and chaiTicter 
with gcograpluc iiosition, witli the seasons of 11 lo yearj and with solar 
cycles; it was fii-^t observed^ and dedned in 17122. It is repeated 
from day to day and is most clearly seen on records obtained on 
magnetically quiet days* As dawn approaches each day the north 
end of every compass needle in the Korihern Hemisphere sliifts 
slightly toward the east, attaining a masiinum eastward elongation 

’£ipcrLm#fi|ft Ifl flip of tho Klnj fit TlifilUQil, la 10S2 olHiwotl IImS 

^ispfin ai»clioii lo be diffi'Kiil on aifferrot ilmjw; E^rolul^lj' IMU4« w^ro euhOo at 

diaerGBE EliiJ'H of filHl ih\ 2 ji wera rfiAlljr ihr drtt ohBerveU linJIratlollt of aiuronl 
ve ritt Iqo. 







































































Southern Hemisphere the motion is reTersed, the south end of the 
Compaq needle exhibiting the same tendency to follow the Bun'a 
apparent motion. Toward the North and the South Poles the di¬ 
urnal Tariation is greatest, whUe near the Equator it is practically 
zero. Somewhat sknilar hohavior during the day and night is shown 
also by tlio other magDetic elements. 

fV^r tmt fHiiti 

s i tt It 14 a «2_ It 


MOfi/OtULV 


Tt/esatf 




smA 


Fiscns 4 .—Dluraal TariailoD oE (j 1) magnetic dedltuttlon, unJ (il) LncUnutloa. 

(After U' S. CuAJt and Geodetic Sturcyr) 

Thus it is apparent that in Its main featares the solar diurnal 
variation progresses according to local jnean time. Therefore, this 
variation is connected with the eartli^s rotation and, as its major 
tendency follows the apparent motion of the sun, it may be pre¬ 
sumed that the sun is an important factor In this doily phenomenon. 
This is an indication that the earth's magnetism responds to outside 
influences which find their origin in sdar activity and act upon the 
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from its average about 7 to 8 o’clock, then shifts westwardly passing 
its average daily direction shortly before noon, reaches an extreme 
eastward position about 1 or 2 o’clock, and during the late after¬ 
noon hours begins to shift eastwardJy back to the average direction 
which it maintains practically during the night hours. In the 


upper regions of the atmosphere. 

The Immr-day variation, wliHe averaging less than one-tenth that 
of the solar day, is quite systematic. Instead of considering the 
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changes hour to hour from midnight to midnight, tlmt ia. from one 
lower transit of the sun to the nest, the data are stu<lied for SI 
lunar hnutv, that for the lunar day from one lower transit of tlie 
moon to the nest—an nvenige of SS houfs 10 minutes for 24 lunar 
hours. While this variation is too small to have practical interest 
in navigation, it is very iin|3ortant for the investigation of tlie high 
layers of the atmosphere. The double wave of the lunar variation 
indicates its tidal origin. It is likely that the lunar variations 
originato in even higher layers of the atmosphere than the solar 
variations, because they are so estremely sensitive to changes in 
magnetic activity. These geomagnetic tides provide a new npproacU 
to the study of resonance phenomena in atmospheric oscillations. 

The Diinnte anniml variation is revealed when monthly values of 
the magnetic elements arc correctml for progressive secular change. 
It should not be confused with the annual change which is the change 
in one year due to secular variation. 

There are other magnetic time changes of quasi-regular and of 
irregular type. The more important of these in relation to the sun are 
shorUperlod^ long-period, and sudden-commencement disturbances 
superimposed on the systematic variations and designated as magnetic 
storms and perturbations. 

Tliesc are Bfsociated with wliat we call the earth^s magnetic activity 
or, let us sajj its general state of magnetic rest or magnetic unrest, 
and herein we find spectacular features emphasizing apparent rela¬ 
tions to the observed solar phenomena. The magnetic activity at a 
given station, during any interval, may be defined as a measure for 
tile frequency and intensity of marked irregular departures from the 
normal diumal variation in that interval. There are several ways 
of applying such a definition. The simplest is that in which every 
observatory, from inspection of its pliotcgxaphJc records, assigns to 
each 24 hours between ^ncce^aive Greenwich inidnight^ a “character 
figure,^ designated as on a scale of 0-1-2. The character “0” 
applies to quiet, to moderately disturbed, and ^2"” to greatly dis¬ 
turbed days. From these the International As.w*ciatinn of Terrestrial 
Magnetism and Electricity also determine^i the live \^i\st disturbed 
and the fire most disturbed days In each month and selects certain 
days for reproduction in the annual publication of magnetic results 
from each observatory. This measure, maintained by international 
agreement since 1906, givc« adopted average daily values for all 
collaborating obser^^atories^now numbering nearly 60. 

A more detailed measure is that dejiending upon the day-to-day 
changes in tlie moan values of tho horizontal coniponent of the mag¬ 
netic force since magnetic disturbances have a systematic effect on 
that component. Tliis effect is an initial rise, followed by a larger 
decrease accompanied by mora or less violent perturbations, and a 
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slow recovery. The activity is stnalleal at the earth's magnetic 
equator and increases in a regular manner to its greatest value in the 
auroral sonc. This daily hguro of activity, knovm as the u measure, 
is roughly defined as the average change from clay to day, regardless 



Fiemx 5. —<.4> wilor ana loniir iliurnai varinlii^n In Eunimi'r at GreAriricli; 
(fl) tniigiHfilc rwonlB on anici Uny, Aueuat S imU 0, 1020. Uuanccifc» Maenonc 
fUiscrrfltorj', Pcrq. 


nf sign, of the magnetic force near ilie equator. It is not useful as 
a mea.^rui^ for a single day, but its nionthly and atinuai value.^ express 
quite definitely the average amount of magnetic disturbance. 

A certain lag of v bdiind the sunspots supports the tlioory that 
when sunspots are nearer the sun’s cc|uator there is greater probability 
that (he corpuiicles, emitted more or less radially from the sun, are 
more likely to sweep across the earth. 

Developments in the science of geomagnetism and correlative cf- 
fects with other geophysical phenomemi, especially tlioKc concerned 
with radio communication, have made desirable a quantitative and 
more detailed measure of geomagnetic activity. This measure is 
the S'bouT range index, which evaluates geomagnetic activity 
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for Cttch of the eight S-hour periods of the Greenwich dny. The 
activity in excess of the regular daily variation ia measured for each 
3 -hour period end an index from 0 to 9 is assigned m accordance 
with the activity “O’’ for very quiet and “0” for extremely disturbed. 
Thus, hy means of eiglit indices, the geomagnetic activity for a day 
is abstmeted from the continuous magnetic records at each observa¬ 
tory, Tlie progress of u mugnetic storm is readily followed and the 
geontagnetic activity at one observatory may be computed with that 
at another observatory in a different geomagnetic latitude; for ex¬ 
ample, the K indices for the period OS'' to 12", February S, 1S42, at 
observatories ariungeJ in order of increasing north geomagnetic 
latitude * were 3, 3, 5, 5, 0, and T at Honolulu (* = 21^), San Juan 
(<t=30®), Tucson ((l'=‘10“), Cheltenham 50^), Sitka (4=60*), 
and College (4=64®). For the same period the index at Watheroo 
at 43* south geomugnetic latitude was 4, 

Violent mugnetic storms with 3-Iiour-range index of 9 occur only 
B few times near u sunspot maximum, but it is equally rare that any 
full 3-hour interval is perfectly free from disturbance. This means 
that the eartii is almost constantly, even near sunspot minimum, 
under the influence of particles (presumably solar), weak as this 
influence may be at times. 

The intensity of tlie ionizing solar wave radiation absorbed in the 
ionosphere on the daylight hemisphere can likewise bo measured 
geomngnetically in the umpUtudes of the solar daily mugtietic varia¬ 
tion. Analysis of 18 years' records (lD^-3t>) of horizontal inten¬ 
sity at the Huunciiyo Magnetic Observatory', in which the magnitude 
of the solar daily magnetic variation is exceptional, gave a measure 
for the ionizing solar wave radiation comparable with the relative 
sunspot numbers as the only available complete series of daily nieos- 
ures of solar activity. The conelation coeflicient between them is 
-1-0.32 for mouLilly means and +0.384 for annual means. These are 
tho closest relations eo far established between phenoiuena on the 
sun and tho earth. 

From the indices supplied by Individual observatories, a mean 
index may be derived which will represent world-wide conditions. 
The mean indices computetl from the data supplied by seven Amer¬ 
ican-operated observatories during the year 1941 show three out¬ 
standing storms in 1941 on March 1, July 6, and September IS and 
19. A remarkable recurrence of quiet conditions also occurred dur¬ 
ing the year. January 5 was the flrst quiet day of this series fol¬ 
lowed by 13 quiet-day recurrences at exactly 27-day intervats. 

Magnetic disturbances may be classified as (1) world-wide mag¬ 
netic stortns, simultaneous over the earth and primarily due to 
clianges in the electric conditions outside the earth, and (3) smaller 
disturbances restricted to parts of the globe and with isnter of field 
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of aclion at times statioimry but generally making from pkoe to 
place- Storms of the first type may folio? compsratiTely quiet or 
norma] oonditiona and are often initiated by a sudden sharp shift—a 
‘'sudden conunencement”—simultaneous, within a minute of time, 
at all observatories. A tendency to oscillation and continued unrest 
during intervals varying from 10 hours to several days is one of ihe 
outstanding features of such storms. 

Tile second, more local, type of transient magnetic disturbances 
is usually represented by a rather slowly developing “bay” on the 
record ejrteiiding over half mi hour or somewhat more. 



Thus disturbed or quiet magnetic conditions nearly always affect 
the whoie earth amuitaneously. The posaibility of any connection 
between tho disturbances of the earth's magnetic field and the weather 
is ciduded since weather is so distinctly local and so different all 
over the world. But polar lights—the aurom^-are always seen in 
polar regions when magnetic storms occur. In 1741 Celsius and 
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Hiorter at Upsala confirmed, by a long series of observation®, the 
connection bettvecn auroral displays and disturbances m the normal 
fluctuations of the needle. To explain these speetacular displays^ 
which appear as curtainst arches, bands, and rays, with many varia- 
tioTiSj extensive msthemadcal and experimental myestigations have 
been made, especially by our Norwegian colleagues. Birkeland, by 
means of a cathode spliere in a vacuum chamber, demonstrated tho 
accumulation of cJcctrom in the plane of tlic magnetic equator. 
Since that timo his distinguished successors^ Stormer and Vegard, 
have done much to advance the study of auroral phenomena. 
Elaborate calculations of the paths of electrified corpuscles which 
ere entrapped between outermoyt lines of magnetic force of the 
earth’s field havo been beautifully demonstrated in the laboratory 
by Bruche. 

Minute particles in varying numbers are coming continually firom 
the sun. Once within the earth^s magnetic field, these eleetriSed 
corpuscles are entrapped by tlie outermost lines of magnetic force. 
Wlien the [lartidcs pass through the atmcsphci'e, they cause the 
air to glow by their impact, and produce brill hint polar-light dis¬ 
plays. From simultaneous photographs of aurora, taken at two 
stations a known distance apart, it lias been found that polar-light 
beams generally do not come closer to the eailh^s surface than about 
50 miles; some come no clooer than BOO miles or moi'e. Since the 
height of polar lights ia in no case less tlmn 50 miles above the 
groundj tire conclusion is drawn that the magnetic variations and 
disturbances also have their origin in electrical plicnomena taking 
place at least at greater heights in the atmosphere. This has been 
confirmed in every respect and tile study of the magnetic variations 
is one of our main sources of information about the constitution 
of| and the phenomena in, these outermost and inaccessible regions 
of the atmosphei'e, 

Tlm$, inspection of data indicates an apparent interrelation of 
Ole earth’s field with the sun. Tlie sun’s magnetic field, even tliough 
it is 100 times that of the earth, is far too weak to make its mag¬ 
netic influence felt at the earth, 93,000,000 miles distant. It is much 
more probablo that solar influence® on the earth’s magnetism arc 
connected witli enormous streams or clouds of particles, atoms, ions, 
and electrons ejected from the active rt^gions of the sun, which 
travel through f^pace and from time to time reach the earth after 
1 or 2 days, and impinge upon its atmosphere, causing magnetic storm®, 
which often disturb electrical communications by cable, telegraph, 
and radio. 

The regular daily magnetic varistiua apparently is the effect of 
other radiations from tlie sun, which travel with the velocity of light 
and are abisorbed in the highest levels of the air, and which make 



years ago from magnetic obserraHons became more import4tnt after 
the mvention of wireless telegraphy^ because fay them we may explain 
why wireless waves are beat a round the earUi along these same con¬ 
ducting layers. 




t'lauBt Total difitrLbiitloD of aumral forois anti of lower UailEs for mimni] 

beifhta. 

The range of diurnal variation varies with magnetic character. 
Statistical studies^ which tend to smooth the violent irregular fluctua¬ 
tions^ have led to the identificatinn of three main features of a mag- 
netlc storm. These are; (1) An everywhere similar but unc^fually 
large general source according to universal lime; (2) a suj^crposed 
diurnal movement according to local time, differing characteristically 
frt>m the ordinary diurnal variation on quiet days; and (3) an after- 
effect} which gradually subsides in the recovery during the days after 

A stornL 
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these layers electrically conductiDg. These conclusions drawn many 
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Magnetic activity provides ope of die meana of determiping another 
tiqie changej namely^ that of an ll'jear cycle apparently agreeing 
with the well-known cycle in Buiis^iot frequency* Latest investigations 
have slioMTh, however, lliat solar activity as indicated in its reSccted 
effect in the magnetic field is not completely or always represented 
by auiLspotteJnefs or other phenomena which aatrophysicists observe 
on the BPn^a surface; mugiictic observations appai>>ntly reveal distinct 
solar inlluences of another kind and add in tliis way to our knowledge 
of solar physics. 


FKQiraE ft,— ^eoiDoi^nettc activity ond relative laiiispot nuwberjr Upper^ f&r 
UD^iiml meaPUt aad lower, for miiiitbV meae^i 

As the earth revolves about the sun during the jesf there are 
corres[>onJing ffucttiations in magnetic activity, Uie niaxiiiiuoi or crest 
occurring during the equinoctial months of Mardi and September^ 
and the minimuni or trough in the solstitial months of June and 
December Tliis is i^evealed in the sunuat variation of niaguetic ac¬ 
tivity deduced frou^ exam!nation of many years^ observatious ob- 
tiiinwi at several observatories* Graphs of sunspot areas for years 
with many and years with few sunspots plotted against days before 
magnetic storms give further evidence of relations between solar 
activity and magnetic activity* 
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As has been stated, the tccurretice of simspots with the sun’s rota¬ 
tion Taries for different solar latitudes from 2T to 28 dajs^ There¬ 
fore, if Eokr activity has an effect on the earth’s magnetic field, we 
may ejq>ect some lihe recurrence in geomagnetic activity. 

The simplest method of establishing the existence of a recurrence 
tendency and of determining any average of its interval is Ihe super¬ 
posed epoch method due to Chree. This proof depends only on mag¬ 
netic data without any reference to the sun. Tlie average character 
figures for epochs of 5 days per month that have the liigV - s t, character 
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figure of magnetic octivity and for each of the 5 preceding and 3a or 
more days following are compiled. When plotted, these averages 
show first marked peaks corresponding to the selected epochs followed 
by repetitions of the peaks after 2T days, tlius indicating the tendency 
for magnetic disturbance to recur in about 27, M, and 81 days. The 
same method applied to selected epochs of the 6 quietest days per 
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month shows tlie recumeaoa tendency equally with tlje initiHi 
ond repeated peaks after 27 days mYerted because their character 
figures are below the average* 

A modification of this metliod conBists in eharting character figures 
for all days for a number of years* On such a chart, in order to com¬ 
pare tile magnetic character with conditiona on the suOi which rotates 
once in about 27 days, appropriate symbols indicating tlie magnetic 
character of each day are placed in rows* the date of the first day in 
each row being indicated iit the left, and each successive row beginning 
27 days later. In order to emphasize the continuity of the serii^ llic 
symbols showdng magnetic character for the first 9 days of the next 
row are rejieatcd, CLiarbs of this kind show vertically elongated 
clusters covering one or more rotation periods* Similar time patterns 
for the sunspot cycie indicate this cycla to be more strongly manifested 
on the sun than in geomagnetic disturbance* In this method, devel¬ 
oped by Bartels, one may ooncenlraie graphically information 
obtained during many yeax^ by the world net of magnetic and astro¬ 
nomic ob^rvfltorica, llto magnetic clusters are at times found to be 
more pronounced for periods when the sun is free or almost free 
from spots. Even for periods when both ore diMurbcd Uie respective 
time patterns are often very diSerent. Therefore, it is clear that 
sunspot nijmixers are not always^ a good index of any solar agencies 
that cause niagnciic disturbance on tlie earth. Thno, further research 
on this interrelation calls for a more all-inclusive measure of solar 
activity tlmn that of the sunspottedness, a matter for the solution 
of which W6 must look to the astrophysicist* 

IVhatever theory of magnetic disturbances may finally be evolved, 
it is dear that geomognetiem provides ua with Information regarding 
fairly persistent solar phenomena, restricted to varying but always 
well-defined regions on the sun^s surface. These are not only of inter¬ 
est for study of the sun, because direct astrophysital observations do 
not reveal them as yet, but are of even greater interest from the 
terrestrial standpoint because magnetism records these solar influencea 
only in so fur ns they actually affect our globe, 

lONOSPHEUtC AKD SQLAR RELAITONS 

The conclmdon drawn from magnetic variations and disturbances 
and from polar lights that they have their origin in electrical phe¬ 
nomena at great heights in the atmosphere makes it of intereat to 
study the electrical eondidona theie^ Since we are unable to visit 
these great altitudes, we have to study the electrification of the upper 
atmosphere, or ionosphere, from our position on the earth. 

More than 60 years ago Balfour Stewart inferred from geomag¬ 
netic data the existence of regions in the outer atmoqxhere of great 
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fll^trical conductivity as a souixe of mngnotic and auroral cffecta 
observed oa the earth. Even over 100 year^ ago Gauss, the outstand¬ 
ing pioneer in advancing scie^tilic consideration of the earth*s 
magnetic field, referred to this possibility in his earlier writings. 
Subsequently, Biich scholars as Schuater, Kennelly, Heavisulej Ijo^ 
rentz, Eccles, and Lamor took part in the development of the concept. 

The highly electrified regions outaide the earth were again sug¬ 
gested in 1901 in order to explain Marconi’s success in sending radio 
signals acroas tlie Atlantic Ocean from England to Newfoundland. 
Prior to Marconi^e proof of the usefulness of radio signals for long- 
distance communication, the public, including the scientists, were 
inclined to ridicule his invention ns n new gadget that would limitei! 
to communication without wires over line-of-sight distances only. 
Was it not true that these Hertzian waves tiavele^l in straight lines 
like light! They would go over the horizon and bo lost in space. 
Hence, it would not be possible to communicate from one point to 
another over the curved surface of tlie eartlu Both Kennelly and 
HeaviEide independently suggested iliat a conducting region in tlic 
outer atmosphere would l>c capable of bending radio waves around 
and return mg them back to earth. Radio waves travel with the 
speefl of light, 300,000 kilometers i^er second. If the fieqnency or 
number per second is low, the distance between crests, or the wave 
length, is long, for example, the wave length for 1,000 kilocycles or 
one megacycle per second is 300 meters. If the frequency is high, the 
wave length is short; for example, the wave length for 15,000 kilocycles 
or 15 megacycles per second is 20 meters. The short waves vibrate 
more rapidly and have greater penetrating power. 

It was not until 1025 that Appleton in Bnghind and Breit and Tuve 
in America, using radio waves by somewhat different methods, suc¬ 
ceeded in directly *^secing’* the radio-refiecting region of the outer 
atmosphere. Tlie echo-method technique developed by BreSt and Tuve 
for this purpose has now been adopt(^ almost universally. By this 
metliotl a short pulse of radio waves is sent upward and the time meas¬ 
ured for the echo to return. An equivalent height to which the w-ave 
w'ould travel con tie computed, assi.iming it to have traveled at the 
velocity of light. The density of ionization which reflects the wave 
at this level is measured by the wave frequency transmitted. Corre- 
fiponding to each wave frequency ia a particular densUy of ions which 
will reflect the wave. 

There has been devehiped by tlie Deportment of Terrestrial Mag¬ 
netism of the Carnegie Institution of Washington and the National 
Bureau of Standards from tlie earlier experimental equipment a so- 
called ionospheric ap])aratu8 which produces records automatically by 
photographing echoes of vertically directed variable frequency radio 
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wnT€H* SUKly of fli-Bse rccorfk soon confitmod the fsict that, instead 
of only one “Kenneliy-Heavbide” layer, there are several lay ere or 
frtraiifientions of ionisation. 

Present convention has adopted the term *^innensphere” to include all 
thesft regions. Low-frequency radio waves penetrate to relatively low 
heif^hts (possibly CO miles above the earth). Tliese low frequencies— 
or the long waves—include the radio spectrum used by our local 
broadcasting stations. The high frequencies—or the short waves— 
iirs ij!^ed for international broadcasting over grerit distances. Higher 
frequency radio waves are more penetrnling and seek greater densities 
of electrical charges before being reflected- These may penetrate to 
2t)0 or 3tX> miles above the earth. Kadio waves of still higher fre¬ 
quencies do not encounter enough conceutratjois of electrical charges 
in the ionosphere and they may penctraio completely through and be 
lost in space. 

Tliese penetration frequencies measure the apparent height from 
wliich echoes are received. Tliere are three important ionized layers 
in the outer atmosphere under direct influence of the sun. One is at a 
level of about 100 kilometers, another at ahniit 225 kilometers, and the 
third nl j^me 360 kilometeis. Tlte two upper layers do not exist 
separslely everywhere, butp merge when the sun is low and form a 
single layer in the night. At m^on Uie highest layer reaches maxiinuin 
height directly under the sun. The heights of the layers are not con¬ 
stant but change with time of day and eeagojij with latitude, and even 
with time along the sunspot cycle. 

Radio explomtiim of the iomi^phero is accomplished by automatic 
cnlly shifting the wave frcc|uency over a range about TiOO to 16.000 kilo¬ 
cycles per second. An uiitoimitically rccoixlcd rcfetTncc line for the 
surface of the earth provides the base from which to measure heights 
of rad to echoes. At wave f rcquonci ce u p to 4 fiOO ki locycles per second, 
radio echoes are returned from heights at about 100 kiinmeterSH Fre¬ 
quencies above 4,000 kilocycles show n sudden jump to a higher re¬ 
flecting region. At greater frequencies tlic waves penetrate, in gen¬ 
eral, farther into the rarellcfl atmosphere until at 12,000 kilocycles per 
^cond there are no reflection^} fruin the ionosphere and the waves pass 
out into space. 

Continuous operation of ionospheric^ apparatus reveals that there 
are striking diffenenrra between nom>al day imd night conditions, 
fn general, the number of electrical charges in the ionosphere builds up 
during the day under the influence of the sun^s rays. During the 
night, when the sun's mya are cut off, the ionisation decreases. Tliere 
are also extensive changes in the ionosphere, from one season to an¬ 
other. Complete knowledge of the variations and characteristics of 
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ih« ionogphera penniiB interpretatiGiiE of yariations m the earth^a mag¬ 
netism and of radio communications. 

The programs of ionospheric re$ecirch| which ara incorporated 
with the other scientific inrestigatlona at the observatories of the 
Department of Terrestrial Magnetism of the Comedo Institution of 
Washington near Huaticayo (Peru), Wutberoo (Western Australiali 
and College (Alaslta)f and of the National Bureau of Standards near 
Washington^ supplement our understanding of noi^al as well as 
abnormal rebtionsliipa between the srun and the earth* Among the 
more normal relationships is the effect of sunspots upon the iono¬ 
sphere. Tins is illustrated by the avemge relotiooslup tltat largo 
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Fianas 10.—Comparlsan of annual arerage sunsi^t niunbetii with ao-Duai Average 
electron density of Frrc^Euo as medEut^a at local clood^ Hunocii^o Mo^ettc 
Obserraturyi^ PeriL 


numbers of sunspots are in general associated with large numbers of 
electrical charges in the earth's outer atmosphere, Tho average an¬ 
nual maiimuna density of electrons at noon ss measured in the region 
of the highest layer at tho equatorial station of Hufmeayo follows 
the annual averages of sunspot numbers—from minimum to ma,vi- 
mum of sunspots the change of average annual ion density ia about 
ono to three. Tho two lower regions show changes;, similar in form, 
but of smaller magnitude, with an incrcaae in density only by some 
50 percent. The geomagnetic diurnal variation changes in vnlnc by 
some 50 percent from minimtim to maiimum of sunspot activity. 
This corresponds under like conditions to observed changes in ion 
density of the two lower regions, but ia greatly different from the 
change of some SOO percent in ion density of the third region. Evi- 
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dcntly the last is an im]x>rtimt factor iu tlie gtsjmagnetic diurnal 
varlatiorL 

Of the abnormal ties beU etn j^un and earth, the radio fade-out is 
the one outstanding example of u direct rolatlonship, namely^ the 
ob^rred association of the bright chromospheric eruption on the 
aun^s surface^ the simultaneous disappearance of radio cohoes, and 
characteristic pulse in the eurth^a maguetism. McNish hfis shown 
that the unique geomagnetic change associated with the fade-out is 
an augmentation of the normal diurnal variation at all places where 
it is observed. Because the fitmosphcric region below' 100 kilometers 
appears almost solely affected during the fade-out, it seems probable 
that not only Uie unique geomagnetic pulse but also the w^liole diurnal 
variation, of which the pulse is but an augmentation^ arises from 
electric current flow at about these levels. 

Thanks to the extensive network of stations distributed over the 
earth keeping constant watch for these chromospheric eruptions, a 
similar and older network of magnetic observatories, and the chan¬ 
nels of radio communicadon, data on these as^iated phenomena 
accumulate rapidly, Dellinger's compilation of such data soon 
show*ed that chromosplieric eruptions always accompany fade-outs 
and the conconiitant magnetic changeg. The actual siinul- 

taneous observations of a fade-out, a bright eruption in the solar 
chromosphere, and a unique bay! ike bind of geomagnetio pulse were 
obtained on August 28, 193T, at the Huancayo Magnetic Observatory 
in Peru. Characteristically the echoes disappeared rather mjddanly 
at a level between 70 and 90 kilometers. Tliis is probably because of 
absorption produced by the intense ionization of tJik region hy the 
ultraviolet light emanating from the solar eruption. 

Anotlier powerful utfluence upon terrestrial conditions is the result 
of bombardment of the earth by minute particles which are shot out 
in streams from the sun. This is as though streams of smiill parti- 
cleg were spi^yed toward the earth as from a moving nozzle. The 
development of sucli Btretims is generally a^ocinted witli large or 
active sunspot groups. These streams travel relatively slowly and 
normally require about 1 to 4 days to cover the distance between 
sun and earth. A\Taeii they reach the earth^s upper atmosphere, 
their effect is felt and observed ag magnetic and ionosplieric storms 
as well as auroral displays. 

The magnetic storm of March 1, 1941, associated with the passage 
of a large active sunspot group across the sun's central meridian about 
2 days before, gave ft typical example of the behavior of the iono- 
sphena caused by corpuscular radiation during a magnetic disturb¬ 
ance. The ionospheric effect was produced in this case as a result 
of the earth^s bombardment by these solar particles. We may com¬ 
pare the norriial records on the undisturbed day, February 28, 1941, 
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with Ihe nbnormal records during tlie Ktme time on the next day^ 
March 1. It immediately appears that the disturbances blew the 
lonosphore out into space—an effect cspeciolly pronounced during 
tlie begiiiiiiug of such disturbance. For this case the average density 
of electrical cliarges during the magnetic pterin was reduced to up- 
proxiniiitely one-third of the normal value observed on tlie previous 
day. 

Tlie nature of the relation between ionosplicric and magnetic dis¬ 
turbances is not yet fully evident* Ionospheric changes apparently 
arise Jn part because of wave radiation and in part because of partial 
(corpuscular) radiation frem the sun. TliU part of the inveatigation 
of geomagnetism hm only begun* 

EARTH t’URRKmS 

Electric currents produced by &onw natural agency circulate in the 
earth at all times ixs was discovered after iho introduction of the 
telegniplk 100 years ago. These earth currents arc closely related 
to changes in the earth’s magnetism and bear some rclation^bip to 
polar lights and to certain conditions which affect mdio iransniLesion- 
Wlien polar lights appearj earth currents surge to and fro in an 
unusual manner^ Tltese snrgings often occur even when polar lighls 
are not sufficiently intense or extensive to be seen. They occur also 
in equatorial regions where polar lightis arc never seen. 

They produce effects, resembling static in radio, which interfere 
wnth the sending of messages. A study of these interferetiocs as Erst 
observed by Barlow on telegi^ph line® in England in 1B4T shows 
that they are due to electric currents wliieli come from the earth 
and which to some extent are pross-iit at all times% 

Most earth-current storms which are observed in the middle lati¬ 
tude® occur simultaneously everywhere on the earth, and hence 
these must be due to an influence which acts directly upon a large 
part of the earth* From a statistical study, a definite tendency is 
found for an earth-current alorm to recur every 27 days—once more 
giving evidence of solar and terrestrial interridatiooshipa, 

OEOMAGNETTIC AND AURORAL DrSTUItBANCES 

The present cycle of solar and geomagnetic activity has been 
noteworthy because of two of the greatest magnetic storms ever 
recorded since Um introduction of photographic recording in 185&* 
These, a® will be seen from table 1 of great magnetic storms during 
1859 to 1911, indicate the current cycle as the most active in the 
recorded annals of gcomagnetisin. 
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The Erst of the nine great Btorms listed is the classic storm of 
August 28 to September 7^ 1859* Carrington and Young over 80 
years ago interpreted certain features of that storm as indicating the 
simultaneity of solar eruptions and magiiedc disturbances^ but this 
opinion was abandoned by other investigators because they looked 
for it in vBin in later great magnetic storms* If the radio fade-outs 
had not given audi strong evidence of ionospheric disturbances simul- 
taneons with solar eruptions^ it is not impossible that the compara- 
tively sma^ll, though distinct, terrestrial magnetic effects would still 
have escaped detection. Because of the rarity mentioned, and not 
only for historical roasona, it may be of interest to recall hero the 
original recorda of the ctassicol case which started the controversy. 

The records for 3 days show comparatively qaiot conditions on 
August 30 and 31, 1850, the brief bayhke disturbance beginning at 
18”, September 1, and the outbreak of the second great storm at 
4^ 50®, September 2* General Sabine stated that great mag¬ 
netic storm, for excessive violence of character and length of dura¬ 
tion j had never been surpassed by any ^milar phenomenon which 
has occurred in my long and varied experience.’’ 

Rh C, Carrington’s report mcluded a drawing showing the large 
spot in heliographic latitude 20^ north and near the central meridjaD 
on September 1, 1859^ He noted in particular two patches of in- 
tengely bright and white light of brilliancy fuUy equal to that of 
direct sunlight. The instant of the first outburst waa witbin 15 
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FlQirae 12.— iA) maguetoe^uinB, lO*lB"p August 30, to Sil^tDiiibciF 2, IfiSO 

Kew MognctJc Observatory, EAnglaad, ^^iiwlng Eliort bAf dlEtuTtutiK.? oou^ad 
hy ultraviolet aod bejcInDtng ^ninltan^d^ly wUli eolar Ojire at 11^5"^ 
Ip iLOd begin nln^p IS Lours Jator, of greot magnolJc atonn ranwJ by 
milur corpitisclesif (F) solar skotelii SciitEiiiber 1, 1650, by Jt G. Corrlufton. 
(After Balfour Sfevnirt«> 
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seconds of 11*' Greenwich mean time, and 11*^ was taken for 
the time of distippearance. In this lapse of 6 minutes, the two patches 
of light travefifed a space of about 35,000 miles. The magnetic mo¬ 
tion was in itself slight and of a character and magnitude frequently 
i-ccorded. Young espressed tlxe prophetic opinion that these solar 
disturbances me “prttpagated to our terrestrial iiiHgnotisni with the 
speed of light” and that llie casual relationship is “only in the Benae 
that tho pulling of a trigger ‘causes’ the flight of a rifle-ball.” 

Thus, these classical observations could be properly interiirctcd 
only after the recent discovery of radio fade-out and solar relations, 
They ai’e the first recorded instance of a largo solar eruption and a 
simultaneous largo magnetic effect lusting less lliun an hour, pi'e- 
siirnably caused primarily by a transitory increitse of ionization iu 
the ionospiiere due to excessive ultraviolet light, followed after an 
interval of about L8 hours by the outbreak of one of the nine most 
violent magneticstoims observed from 1850 to 1941, 



Fiovoit 13.™Wi(le‘ni[iie nuionetDanuu, alon-h 2-l-3r», lU-lO, E^lb^4lalll-Nteillt^, 
Getinanr. (After Q, Fansclau.) 


The magnetic storm of &Iarch 1040, one of the greatest ever 
recorded, was an event of unusual geophymcal iutcreiS, This storm 
was accompanied by auroral displays which, however, were not un¬ 
precedented. The accompanying disruption of wire communication 
by electric currents induced in Uic earth produced senseless jumbles 
of letters in teletype eejuipment. These earth currents were of such 
magnitude that electric power ^sterns were severely affected—the 
first time such effects have ever b^n reported. The reports of inter¬ 
ference with power transmission, especially at stations in the eastern 
United States and Canada, were at first doubted by electrical engi- 
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necrs and mngricticians. However, the accumnlated reports indS- 
coating connectioQ between the storm and the power-Une disturbances 
proved convincing. The evidence shows that the stonn produced 
earth-current gradients amounting to about 10 volts per mik. Tims 
an increased practical importance of cosmical research in geomag¬ 
netism has been shown j for the lengthy obserrations extending over 
a century supply deSnite information on the probability of occurrence 
of such storms and therefore on the extent to which it is advisable to 
improve electrical inslalkllons to avert their effects. Because of the 
theoretical and practical imporiante of obtaining complete records 
of the infrequent great magnetic storms, a number of ohservatorica 
have added less sensitive equipment to the more sensitive types here¬ 
tofore exclusively used. Thanks to these insensitive magnetographs, 
we have complete photographic records of the very great disturbances 
of April 19S9, March 1040, and September 1941. 

The great storm of September 1^10,1041, while not producing any 
gi^at power-line interference, was most remarkable in auroral dis¬ 
plays over a great part of tlie United States. Tins storm is also of 
interest in that H. W* Wells, of the Department of Terrestrial Mag¬ 
netism of the Carnegie Institution of Wa^hinglon, several days be¬ 
fore its inceptioTif had fonnally warned radio-transmission enginrers 
that disturbed geomagnetic and ionospheric conditions might be ex¬ 
pected September IS. He was able to make this prediction through 
clo^ie study of daily reports of areas, numbers, and locations of sun- 
sptjtg supplied by the United States Naval Observatory. Following 
several claj-B of slight disturhance, violent fluctuations in the direction 
and intensity of the earth^s mag*ietic field began fllx>ut 11 p. m., east¬ 
ern ^andsrd time, September 17. Masiniiim activity was between 
1 and 3 p. ui. September 18. The usual ilifEcultiea with long-diiflat^ce, 
radio, telegraphic, and telephonic communicalionj; were experienced. 

The storm w^as accompanied by extensive auroral display—an oc¬ 
currence which one living iu our latitude has eeldom the privilege of 
seeing. A. G. McNish, of the Departmpiit of Terrestrial Magnetuan 
of the Carnegie Institution of Wushingtoii, who observed the display 
carefully, gives the following account: 

But nature lunl m IihUuM btv chrtlre art for the irrctiSni? lumr?. Tbiwe who 
wntebi^d th& oventiiR Siin Uftwn were qware of a stranprlj pE«rsJHtCtit Klow in 
tlio Bkj. As the sky dflrkciicij, distinct rjiya were viable In ihe 

northern sky, hrl^htoahk^, fadings and c?oDtliiual1j changing. By 0 p. m. the en¬ 
tire sky wufl flUed with Ttiy@ aiiparentlj converging to a point near the renlth 
to pn>dure a rlrSd coronal format Ian. Vnricufi forma of nnronil aeilTEty, rnjv, 
curialna, extenedve arcs, and HEeikeiing mya re^embUns ecarchlEgbt or air- 
beaton l^aica eontiiiuc}d imtU almotd dawn Ekipfember lO. Some nuroral activity 
was noted during the precedlnf and foUowltif nlgbta, neither being rempamhle 
with the display of September 
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Fhanu 14—HoccindB aC nuigtiotlc wtotta (A) SepteEubef IT-IS, find 
So&tciuber 18 -lOp 1041, Cheltenhuui Mn^ctli? OhK^milorjp Mu ry land. iOMr 
tesj of U* S. Ci»iat and O&Ddeilc Stirvi?yj 


Ths caroEm] dUptoj wns yMMo In widely eeiKimred parta of 

the ccontry. Ta all nbafMrera the ray8 ireemed to ccuvqt^ toward n 

point Bilfbtly sooth of the setilth, Actiianj, of «mrae, tlieie wns no ma^ 
?erp?n«?. TtH> partides shot off from the heliifr eleetrlsUy chorsed. can 
not freely crosB the Ehrtb^s ma^etfc field nod ninat tta?el in the dlreetlDn of 
the magnetic iines of force. At WnshLiigton, the huts of force nre tilted ohout 
20^ Bouthwnrd from the vertical while farther north the tilt Is lesa Thus aU 
observers were viewing n Imndie of closely parallel fixtemllng ice# or 

hand reds of mhea it|?wnrii! ta the rarefied atmosphere, and appeurlog to con- 
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rerge toword wbeit is called tlie mai^ttlc ictiUb Just tie raUmail tracba appear 
to cuchvergc towaril a. point on the horlxoiL 

Photograpliers 'm Long laliuid and Kew York State obtained 
negatives, and tbrongh their coarUsy I am happy to esbibit copies 
■which fully justify Mr, llcXish^s accx>unt as rcgardfl brilliancy and 
variety of the auroral activity. 

The bright chromospheric eruptions in ssnuspots photographed in 
the light of luminous hydrogen vapor shinv the bright eruption starts 
ing on September 17 at 6:26 a. m* Pacific standard tinie^ and the 
greatly increased brightne^ of the eruption 10 minutes later. 

KAY RKL YTtONS 

A connection between gooniAgnetic and cosmic phenomena Uaa 
recently been discovered—^tbe world-wide decrease in the intensity of 
cosmic radiation during great magnetic storms. Although sudi an 
effect was predicted over 0 years ago, obs^ervatioind verification was 
not achieved nntil the occurrence of the great magnetic stonns of 
our present sunspot cycle. The effect was noted by For bush during 
the great storms of April 1937, March 1940, and September 1041+ 
Since tlie nmgnetic moment of the earth increases during the main 
phase of a magnetic storm, a docreaBC of e^)smic radiation during that 
time is to be expected on the basis of the well-c^bUshed variation 
of oo^c-ray intemiiiy with geomagnetic latitude. 

The superposed-epoch method is useful also to show correlation 
between cosmic radiation and the gcomagnelk field, Tin^ variatSorus 
of eoAmic-ray intensities, whose origin probably is deep in space, are 
now measured to wdthin a fraction of 1 pei^ceut. This made possible 
a real comparison with geomagnetic changes by Brozon in IMI. Me 
showed the simultantious average variatioirs of cosmic-ray intensities 
and of international daily magnetic character figures by superposed 
cpoclis of supernormal mid subnormal cosmic-ray intensities. The 
cosmic-ray intensity is practically always lower for tlia five intenia- 
tional magnetically disturbed days than for the five intemationiil 
magnetically quiet days of each month, Thesse results confirm the 
inverse correlation between cosmic rays and magnetic disturbances 
as previously shown by Forbush, 

ITie 13 54" day and ST-dny waves in coainic-ray intensity are closely 
associated with those for character figure and magnetic horiswmtal 
intensity. Thb directs attention to a possible means by which cosmic- 
ray data might servo to establisli the existence of a general solar 
magnetic field, 

LAJ^QUATQKY APFROACH 

Most recent of promising attacks on the many problems indicated 
above is in the laWratory through investigation of the laws govern¬ 
ing the interactian of the magnetic particles composing all matter. 
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All the actioDs and reactions in tlie world of physical things may be 
expressions of three fundamental forces—gravitational, electromag¬ 
netic, and nuclear. All three may ultimately be reduced to different 
aspects of the same all-pervading, all-inclusive type. Perhaps some 
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Fiona Ifi.—Dully meouB of eufmlc-iay imeoslty and xcomaanetti' liorleontiil- 
force oomiionoEit. (Jiowlaif of ^nuigbctiv Btorni of April 25-30, lOST, 

DEL HiteoElt;, 


obscure atomic effect of the extremely high pressures of the centers 
of sudi IxMlies ns tiio earth and die suit may be the cause of their mag¬ 
netization. Tliereforc, experimental studies of nuclear physics 
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ihrougti the use of high voltages with the electrostatic genemtor and 
the cyclotron and nt high prte^sures may give l>etter understanding 
of relations between the constant generation of subatomic forces in 
the sun and thoir tca^e^jlrial effects* 

CONCLUSION 

In conclusion^ tuny 1 hope to iiavo left with you some impression of 
tlie inlcrrolationships between the ever changing but quiet variations 
of the earth^s magnetic field and the swirling^ tumultuous events on the 
sun. These intertidationships have made possihla the electrical ex- 
plorntion of the high atninspliere far above the limits accessihle to air¬ 
craft. Ijcss than a decade ago this was thought to bo beyond human 
uttaiJirncntf and hopes of such exploration forecast by Balfour 
J?te\vart, Keniielly^ and Heaviside exii^cd only in the speculations of 
intH-ipidj [persistent scientific inve^igators. Another great step has 
thus been taken toward definite knowledge of the intimate relations 
between the earth and the sun which play so materiat a part in our 
lives* Upon that stop even now plana are rtipidly developing for nc- 
enrate magnetic exploration at equally great heights to supply the 
thii'd dimension of the geomagnetic field so long sought to aid in iho 
ex|danat ion of tlie origin of that field* 

Today geomagnetlEin maintains its key position its a thriving 
branch of gcopliysicsj not only because of ite own intrinsic Interest, 
but mainly because geomagnetic conditions give a complete, a faithful, 
and an intelligible record of those mighty solar and cosmical iiifiiienccs 
to which the earth and its inhabitants are subjected* We may well 
agree with the recent statement of an eminent scholar of earth physics 
that “as in all branches of science where growth is active, we are only 
partly satisfied with the new knowledge gained^ long vistas of unex¬ 
plored territory Invite us onward to Afresh fields and pastures new.^” 
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Paths of Radio Waves of Different Freoue>^ie5 in the Upper atmos¬ 
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typical Example of multifrequencv summei^-Time Record OF reflections 

FROM IONOSPHERIC RECiONS. 13*15^13130-* 120^ EAST MERIPiAm MEAN 

TIME. November 20. i93&. watmeroo Magnetic Observatory, westchn 
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VIEWS FROM THE AIR OF U} HUANCAVO MagWETIC OBSERVATORY, PERU. AND 
COLLEGE MAGNETIC OfiSERVATORY, ALASKA. 
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Photcx^raphs of the Aurora Borealfs Which Accompanfeo The Geqmaonetic Storm 

OF September is. I94t. 
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photographs of The aurora boreaus which accompanied the geomac- 

NETIC STORM OF SEPTeM&EH 18, lSdl» 
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ULTRAVIOLET LIGHT AS A SANITARY AID» 


By UiVls B, Sc.i P, D., Ptu P. 9Cr 

0 / and Fhilad^phiQ CoUcfflr of Ffiarmacp 

and Foiemct 


Mail always has been interested in keeping iiealthy. Wlien gprim 
were found to be responsible for the causatton of many diseases, Tari- 
oils methods were attempted to elltninate these agents detrimental to 
our health. Of the natural agencies associated witli liealth and clean¬ 
liness, sunlight has been regarded by the majority of persons as the 
most beneliciaL The heretic Pharaoh Ikhnaton more tlian 3,000 
years ago insisted that the sun is God and it is tlie only source of life 
and goodness. Herodotus, tlie prominent Egy ptian physician, some 
500 years later stated that sunliglit is required especially for people 
wlm need restoration of muscular energy. Ihe use of sunlight as a 
weapon In the treatment of disease is to be noted and can be traced 
throughout the ages. After our knowledge concerning bacteria and 
other microorganisms Incietised and their relationship with disease 
was proved, physicians etlvocated the use of sunlight in many diseases 
and for the destruction of all organisms. 

It was about 65 years ago, In J3TT, that Downes and Blunt first 
allowed that sunlight killed bacteria. Tliey demonstrated that espo- 
tmre of putrescible fiuids to direct sunlight in the presence of air would 
stop all growth. Ten years later, Roux confirmed these findings and 
showed that anthrax spores were destroyed by exposure to tho direct 
rays of tho sun. In 1892, Ward, using natural sunlight, demonstrated 
by actual tests that the actinic rays were responsible for the dcstruc^ 
tiou of anthrax spores. About the same time and since then various 
workers reported that ultraviolet light possessed a germicidal effect. 
In 1903, Bamanl and Morgan noted that tlie gennicidal action of 
sunlight is limited to certain of the sun’s raye. Later these same 
workers, using tho spectra of carbon and other artificial sources of 
light for obtaining ultraviolet rays, were able to kill anthrax spores. 

»ODe of tii« Popnlitr Belence lietnfe*. tfctl»(Wl »t tha fbllAdrlfiUA CollesB ff PiannaeJ 
Ab<] SclMicO [taritiS Uie ICIO S«rtei. R4>pr1nliF>it permlialon CroiO 'th# AiDPrlrnn Joarut 
oC rtwrmiicf, rot, 114, Ko. 1, JabMIj IV 43 , 
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Within th<^ pv^i d^^caJe the EusceptibiJity of microorganknis to ultra¬ 
violet radiation has received renewed attention. 

FORMS OF RADIANT ENERGY 

Wliat is ultraTiolet radiation and what has this to do with sun- 
liglttl The visible spectrum was discovered in 1665. Tliis visible 
which was thought to be one band of light, colored w liitc, 
was found to bo in reality a combination of many difieicnt coloi's of 
light You know whut liapijens when n heatu of clear bright sun¬ 
light strikes a biiiUible prisui or if you ginuj at the rainbow in the sky 
where Nature t>erforins the ciiHsriinentj yon ob^rve liity dro[)S of 
moisture present in (he air acting as prisms breaking the white ray 
of sunlight into many visible colored rays, red, orange, yellow, green, 
blue, and violet. In addition to these bands of visible ladiation there 
are other rays emanating from the sun wUkh are Invisible to the 
human eye* Some known aa infrsired rays are invisible, but this ra¬ 
diation is detcoted by the heat produced. Others spoken of as ultra¬ 
violet rays, also are invisible^ this form of rudianL energy is not de¬ 
tected by any of our senses, although some of the effects? produced 
subsequently may become apparent. These three forms of radiation, 
one visible and the other two invisible, all emanating from the sun, 
differ in the lengtlis of their waves. The ultraviolet rays are the 
shortest; the visible light rays are longer; and the infrarcti waves ai*e 
the longest. 

The unit of measurement in microscopy Ls the micron which ia 
e<piiAgilent to l/25,000tb of an inch. Wave lengths of light rays are 
inesibiiix^d in temis of Aiigstrcjiu units* An Angstrom unit is 
l/10.i.J()0tli of a micron; in 1 inch there are 250 inillion Angstrom 
units* The visible light h Hubdivlded into colors of the spectrum 
by the ^mtgy of different wave lengths of an appro?cimate ruRge 
from the red, SOOO Angstrom units, to the violet. 4000 Angstrom 
units. To be exact, the longest visible mys, the red, have a length 
of 7010 Angstrom units; and llic shortest visible rays, the viidet, 
haAe a length of BlffO Angstroin units or approximiitely l/6a,00ntli 
of an inch. The infrared raj's, which are heat rays, are longer than 
the red and the ultraviolet rays are shorter than the violet. 

ULTRAVIOTJ5T I.fGtlT 

The ultraviolet port inn of the spectrum consists of wave lengths 
which extend fmm a range of 3i^70 Angstrom unite to about tOOO 
Angstrom units. By passing a 1>eam of ultraviolet light througla a 
quarts prism, this can be subdivided approximiitely into three divi¬ 
sions, the far ultraviolet rays (If^OO to 2000 Angs-trom units), middle 
ultraviolet (2000 to ^t000 Angstrom unite), nnd near ultraviolet (30Ot] 
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to 4000 Augstrom units). In anolhsr wore conveiiiant breiikdown, tlie 
uitroTiolet spectrum is dividwi into four parts, the diviaiona or classes 
being based upon the use of tUesa specific radiations or so dirided 
based upon tlieir principal effects. From 11)00 to 2000 Angstrom 
units [u e radiations which form a toxic gas, ozone, the so-called ozone- 
foimitig ultraviolet radiations. In the range from 2000 to 29M 
Angstrom units are to be found ladiations which am ctfccli^e In 
destroying germs. In the nuige frxail 2800 to 3:iCX) Angstrom units 
am bo be found the “biologically effective” radiations, tho.'W produc¬ 
ing sunburn; tind because they also are useful in activution of vitamin 
D, they sometimes are called the uiitirachitic nltruviolat radintious. 
Ill the range from 3300 to 4000 Angi^trom units or the mgion closest 
to the visible spectrum ure to be found radiotions nsefiil for their 
lluorescent display and of value In some tyjiea of photogrupliy. These 
divisions are not veiy' aiiarply define^l; they ft^nently merge and 
often actually overlap considerably. However it is unpoilant to note 
that the oheniictil and physiological actions of these rays dt-piid 
upon the length of the wavc.<i making up the.se different radiationfL 

transmission of t/LTR a violet LIG HT 

Before considering the value of ultraviolet light as a sanitary tooh 
there are other considerations wliich should be directed to your 
attention. All rays of the sun pass through the atmtaphere before 
they reach the earth. The ordinary atmosphere will allow the pas¬ 
sage of infrared rays and the rays of the visible spectrum. Most 
ultraviolet rays from the sun, however, fail to reach the earth. Ac¬ 
tually tiie air acts as a <lifferential filtering medium holding back 
many rays. In most places radiations shorter than SSOO Angstrom 
units never penetrate to tlie ground; in fact the shoilest to reach 
us is usually from 2050 to 3100 Augstrom unite in length. Less 
than 0.1 percent of the total radiations from the sun is in the form 
of ultraviolet ray.s and almost all of the latter are longer than 2000 
Angstrom unite. Furthermore only the long ultraviolet rays will 
pass through ordinary window glass. While the latter is trans¬ 
parent to the visible light rays, it is opaque to light of wave lengths 
shorter than 3100 Angstrom units. You will note, from these observa- 
tione that sunlight reaching us therefore is most frequently devoid 
of an active germicidal effect and that is especially the case of sun¬ 
light that has pos-sed througli an ordinary pane of window glass. 
On the other hand, a siiccial type of commercial gla.sa, and in par¬ 
ticular quartz, allows the passage of ultraviolet light possessing wave 
lengtlis eliorter than 2000 .\ngfitrom units. This is of paramount 
importance in sanatoria and nurseries, where it becomes necessary 
to nse gla£.s of special comiioaidon insitcad of the ordinary window- 
soiEei^.i—IS 
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p»ne gltiffl so as to tranarait into the interior biologically active lap, 
ana in tlio munufactara of equipment to be used for an 
source of ultraviolet light. Furthennoro most ultraviolet light is 
absorbed by thin layere of fluids containing proteins or turbid mate¬ 
rial, by layers of oil and grease, and also by tissue cells* Tissue is 
not penetrated more than 1 millimeter (0.039 of an inch) in depth. 
Very short wave-length radiations are absorbed by air in the produe- 
lion of owme. These facta must be considered in the practical use 
of ultraviolet light as a bactericidal agent, 

GENEKATENO ULTRAVIOUCT LIGHT 

Artificially generated light is just as effective as the corresponding 
rays of sunlight that poasesa the same wave lengths or the Mmo In¬ 
tensity. The source of ultraviolet light has very little Lnfltirnee 
upon the result, providing the wave lengtlis or intensity are identical 
The sun, the natural generator of ultraviolet light,^ is not always 
a'l-ailoblc. Even when available the natural germicidal ultraviolet 
rays cannot be harnessed conveniently to be supplied to environ' 
oients not reached by sunlight It therefore became newssary to 
provide some means of artificially generating ultraviolet light so as 
to make it available whenever and wherever needled. When Investi¬ 
gators, especially during the past two decades, reported marked de¬ 
structive effects of different microorganisms by controlled laboratory 
testa using special artificially generated sliort wave lengths of ultra¬ 
violet light, the latter was hailed as the ideal sterilizing agent and 
its use woa advocated far and, wide. As iti other similar cases, not 
recognizing that its application is bounded by distinct limitations, the 
use of ultraviolet light was soon discarded owing to its abuses, and 
ah» to the fact that many of the ultraviolet generators availablo 
were not only ejcpensive but produced radiations which were un¬ 
suitable as genuicldiU agents. 

KENTSCHLERIZING PROCESS 

After severiii years of careful research and estensive experimental 
work. Dr. Harvey C. Kentschler, engineer and research director, 
Dr. Robert h\ James, bacteriologist, and other workers associated 
with Westinghoueo Lamp Division succeeded in designing equip¬ 
ment for ultra violet radiation which is ineipenrive and overcomes 
most of the objections made again^-t other previously introduced 
ultraviolet generators. The radiations produced by the latter were 
found to cover broad rather tbiui elective bands of wave lengths, 
which were found to be most effective as germicidal agents. In 
many of the generators used previously, an appreciable amount of 
infrared rays was generated, resulting in the production of high 
temperatures during operation. Such operation in refrigerated com- 
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partments was costly aod not practical. To keep the heat directly 
from the materia] being treated, the generator's had to be pkceil at 
reliLtively long distances frcrni them, resalting in a marked decrease 
m the effectiveness of the shorter and highly germicidal radiations. 
In other types of generators, there was a large output of high eon- 
oentrations of ozone and nitrons oxide, which w'ero objectionable, as 
they affected btnrians and inanimate ohjects being treated. The 
newly introduced equipment or so-called ultraviolet lamps hiive 
evolved from a careful segregation of different wave lengths and 
the eliminalion of other short-vrave radiations tliat are valnclefis as 
bactmcidal agents and even undesirable. 

By a simple and ropid method for measuring ultraviolet radia¬ 
tion, a better understanding of the action of short waves on germs 
has become possible^ In fact it w'as lound that radiations or short 
waves generated at tho 253-7 Angstrom unit region of the si>cctrum 
possessed the greatest sterilizing or germicidal power. The intro¬ 
duction of this new equipment witli an effective ul Ira violet lamp atid 
the practical application of selectivo bactericidal ultraviolet waves 
or nidiations developed into a process known by many as the tent- 
schlerizing process or rentschlerization. These terms are taking their 
place today with the term “pasteuri^ition'’ named after Pasteur, a 
process in w'hich moist heat is used to n^ider disease-jiroilucing bac¬ 
teria innocuous. 

ULTEAVIOLET LAMPS 

Alany of you are familiar with or have seen sun lamps or so- 
called health lamps. Tliese sun lamps generate waves or radiations 
which vary in length from SfiOO to 3200 Angstrom unite. Accordingly 
they supply only long ultraviolet waves and practically of the same 
intensity as we get front sunlight under ordinary conditions, In fact 
the glass used in sun-lamp bulbs will not alloAv the pa5,sage of radia¬ 
tions of wave length shorter than 2800 Angstrom unite- Sun lamps 
therefore do not transmit ultraviolet rad i a Lions which are germicidal. 

The effective ullraviolct lamps used today to generate radiationa 
of value for the destruction of bacteria depend upon a carefully 
planned typo of vapor source* emitting controlled and selective bac- 
tcricldal ulttaviolet radiations. They consume a uiinimiim amount 
of power and radiate a minimum amount of heat energy. They are 
almofit identicnl in operation with the fluorescent lamp, except that 
fluorescent powder is absenL As the current flows from electrode to 
electrode through mercury vapor {to which other gases are frequently 
added), very little visible light is produced, but most of the output of 
its energy is concentrated at the 253T Aug^rom region of the spcc^ 
trum. At least 90 percent of the radiant energy is crowded into ultra¬ 
violet radiation at this regiou which provides the most effective germi- 
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cidal effect (2637 AngsttNm units). In the case of a fluorescent 
tamp, the powder present on tlie inside is activated and fluorescence 
is pj^iicod. Ill the case of the ultraviolet lamp, the ultraviolet 
radiations generated pass through a special type glass used in mating 
the lamps: This glass is purposely chosen as it will allow the pnssage 
of the selected waves of ultraviolet radiation of greatest germicidal 
power and at the same time absorb most of the objectionable ultra¬ 
violet wave lengtiis in the ostonc-prodttciug region. The low vapor 
pressure and low current density in the lamp also reduce to n min¬ 
imum the radiations emitted in the visible spectrum. Ultraviolet 
lamps radiate energy of wave length ranging from 2000 to 2800 
Angstrom units and, as mentioned previovialy, most of the radiations 
OfC 2537 Angstrom units in length. Inasmuch as most of the radia¬ 
tions are not visible, individuals arc prone to forgot that ultravialct 
lamps when operated should not be viewed by unprotected eyes for 
long periods of time or especially at close range, as a ronjunctivitis 
may develop. 

l^uipment provirled with suitable ultraviolet l::itrips lias been 
designed to fill practically all needs. These lamps are marketed 
under different trade names, among the latter being the Sicrilamp, 
Germicidal Lamp, Safe-T-Aire Lamp, and the f^aniray. The 
lamps are designed usually lo operate on nllernatijig current through 
n low-capacity transformer. If only direct current is available, a 
converter unit is necessary. Several tamps, wired in series, never 
in parallel, can be operated from one transformer. The tamps are 
lighted on the lum of tli© switch. Other than keeping them clean, 
there is no more attention required than is necessary for an electric 
btilh, Tlicse lamps are available in different sizes for use in all kinds 
of fixtures, a fixture and ultraviolet lamp being a complete unit in 
itself. After long use and even at low temperatures, the lamp may 
show some discoloration, the latter in turn absorbing some of the 
ultraidolet rays; Ultraviolet lamps have a more effective life when 
operated at temperatures above 40 degrees F. Under average con¬ 
ditions of use, they will operate for many thousands of hours, giving 
a continued service for at least 6 months (4,i>00 hours) before re¬ 
placement becomes neces.<aiTy, 

BANITIKATION 

You are familiar with the term ‘'sterilization'^ which, speaking 
broadly, refers to the destruction of every form of life, visible or 
invisible, harmful or innocuous. The term “germicide,*’ referring to 
agents which kill genus, is used synonymously with the term “bac¬ 
tericide** signifying only those agents which destroy bacteria, The 
term “pasteuriaintion,” previously mentioned, refers to a process which 
subjects products affected by heat to temperatures sufficient to destroy 
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certain germs, especially thaw producing <lisease, and to reduce the 
total nuuibers of all forms of life present, without damsging the 
product under treatment. Pasteurization does not kill all germs and 
accordingly does not effect a complete steriliBation. 

■Oltraviolet light as commonly nseil does not render materials sterile. 
The term “^erilization” is used incorrectly when applied to the use of 
ultraviolet light, since the complete destruction of all forms of life is 
rarely attained by its application in practice. Furthermore this is 
never sought, and in fact from a sanitary viewpoint is not necessary-. 
Ultraviolet radiation, when used, is employed to reduce the total germ 
content and esiwcially for tlie destruction of those organiems causing 
disease or capable of decoinp^tsing materials. It is not practical to 
effect complete sterilization. It is on tliis account that for want of 
more suitable terms the words ‘‘sanitiae” and “sanitization*’ have been 
advocated in place of sterilization and disinfection. Sanitization is 
that process which renders materials free of organisms that produce 
disease, or are capable of decoriiposing sruhsUvnees, or which are indica¬ 
tive of insanlUiry conditions. The term describes mure satisfactorily 
the action of ultraviolet riidiatioti juid has come into use eapeiually 
when the latter is employed as a sanitary tuti. 

FACTORS C’ONCliltNEU Kt lii'FEOTlVE RADlATIOS 

There is a variation in the apparent sensitivity to ultraviolet radia¬ 
tion not only hy different species of organisms but this variation is 
found in the same spi^cies at different stages of its life cycle:. Tlie thick¬ 
ness of a layer of organisms to be radiated and the fact that individuals 
in B clump may shield others fitan radiation are to be considered. 

The amount of water vapor present lias an inffueiicc on the effwtive- 
nesa of ultiaviolet radiation. At ordinarv room ternperatures, much 
more radiation k required lo destroy germs at a high liunildity than 
at a low hiimulity. 

The action of ultraviolet light is practical!}* a surface action. It 
possesses only very slight [jciietraUve powers. Radiation therefore 
must reach all surfiu'cs to be effective. In order to maintain proirer 
Intimsity, lainjis should bo cleaned, and regular and thorough cleaning 
of niateriala and environments wherever practical will be most helpful. 

The intensity is influenced by the distance that the surface to be 
treated may bo from tiie ultraviolet radiations, Tlie distance and the 
lime of exposure arc important factors to be cousldcre<l at all times 
when using ultraviolet light for tiie destruction of germs. An indica¬ 
tion of what this means is to note that a 30-inch lamp generating 
mainly 2537 .\ngstrum unit wave lengtlis will kill almost all of the 
commooly ohserved noii- 9 pore-forming bacteria within I minute, when 
at a distance of 1 foot, but it will require: i minutes if at a distance of 
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3 feet. In like mimiier, radiation 3000 Angstrom units will require 
sis times as mucli aiergy to be as effective as radiation of 2537 Aug'* 
strom nnits. 

Hadiations travel iti straight lines. It may therefore be necessary 
to add reflectors to equipment, hut it is impoilant that the reflectors 
are made of material which will absorb hut a minimum amount of 
the raj^ In other instances, especially on esposed foodstuffs, die 
proper ratio of wave lengths between 1000 to 2000 Angstrom units 
present in the lamp wiU convert the oxygen of the air into oKone. 
The latter, a germicidal agent, will diffuse and reach areas inaccessible 
to the radiations. In the concentrations present we do not. encounter 
the objectionable features noted when ozone as the sole effective dis¬ 
infecting agent must bo present in the high concentrations usually re¬ 
quired. 

In general it can be said that properly designed ultraviolet lamps 
from which 2537 Angstrom nnit wave lengths radiate are available 
to he need under conditions as advised by engineers. These lights 
have been found satisfactory in practice after thousands of experi¬ 
ments. Where special occasions arise it may be advisable to deter¬ 
mine beforehand the necessary electrical characteristics and materida 
of construction required. 

The use of properly constructed ultraviolet equipment wilt supply 
a too] which will be a valnable sanitary aid. Ono may work freely 
within the radiated spaces and experience no ill effects. It is ad¬ 
visable to wear eye shades or shaded glasses when w*ork is to be 
carried on at close range or for long periods of time. Imperfect con¬ 
trol or overdoses will not produce any poLsonoua byproduct and will 
not impart toxicity to tlie substance or material under treatmenL 

APPLICATION 

The use of ultraviolet light of proper intensity, another great scien¬ 
tific achievement, is now available ss a practical sanitary aid wit!) 
widespread appUcatioDs. lEquipment, designed and installed at low 
cost, can be adapted for a great diversity of uses. It will be impossible 
to consider in detail the wide opportunities for its many applications 
and the cond itions under w h ich it can be and Is used. Important facts, 
however, w'iij bo presented revealing its efficiency in certain fields; and 
in other instances, attention will be directed merely to many other 
uses to which this process can be and is being applied. 

SCIENTIST3 AZEIAL WAUFAKE 

Bacteria and other microorganisms are present in the air and at¬ 
mosphere. The latter serve as tninEporting agents to enable the organ¬ 
isms to gain access to a more favorable environment. The kinds and 
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numbers of mkroorganisnis in the air vary in different eDvironmentfi 
and in the same environment at difFercnt'perioda, but certain forms are 
generally present. Molds, yeasts^ and spore-bearing bacteriuj all of 
wMch may be non-disease-producing| are rather common* Air laden 
witli escesaire amounts of these organisms may be responsible for the 
contamination and spoilage of foodstuffs and different products. !&[cst 
disease-producing bacteria are not found in the air under ordinary 
conditions as in the borne, or in the average working plant* How¬ 
ever, under appropriate canditions, especially indoors or in enclosed 
spaces, disease-producing bacteria may be found in the air of such 
environments. They may remain viable for consitlerable iwriods 
of time, even drift around in the air currents, and thus constitute 
a hygienic or sanitary hazard. The elimination of such hazards 
especially in hospitals and otlier institutions has been of great con¬ 
cern to everyone. 

Workers in nl! branches of science have been constantly at war 
widi another kind of enemy—small invisible foes that are lurking 
constantly in the atmosphere. The control of the ganitary quality of 
the air in environments where foodstuffs and other products are proc¬ 
essed or stored, by means of ultraviolet light, which are death rays to 
these invisible focjs, has reduced markedly spoilage losses This snme 
weapon, made available easily and at all time^., has supplied another 
invaluable tool for the continued battle against tho^ small invisible 
and undesirable organisn>3 which cause all kinds of scourges and are 
ever ready to attack ns from impenetrable ambuscades. 

PRACTICAL Am BANITATTON 

who is familiar with the history of the be¬ 
ginning of modem aseptic surgical methods will tell you about Lis¬ 
teria technique in which he attacked the problem of bacteria in the 
air by using a carbolic acid spray before and duriug operations as a 
menus of killing all, or at least decreasing the content of, the disease- 
producing bacteria in the atmosphere and thus reducing the number 
of cases of postoperative infection. Sprays, because of the difficulty 
of providing practical means of application, however, were not 
found to be very effective* Tlie intrt>ductioij of air-filtration processes 
and modem air-conditioning systems has not proved to bo adequate in 
itli instances, The^ meaBurea, however, aided by ultraviolet light 
or the latter by itself, applied continuoufily in operating rooms have 
resulted in an almost complete elimination of wound contamination 
from air-bome bacteria. This changed condition has brought about 
an improvement in clinical results that is agreeably surprising. 
Wound healing has been more rapid and witli less reactions* The 
general postoperativo condition of patients has shown marked im¬ 
provement. The fatality rate has been cut in half through the elim- 
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itiAtian of cases of sev&re wound infection which was frof|iJcntlj fatal* 
In operating riwnts where ultraviolet light is pmi^erly installed* the 
greatest amount of air in such rooms comes under I he continuous 
direct action of the myn, SteriliBCd instruTnenta and other (Kiuip- 
mentj dressings, bandages* and other materials can be kept sterile 
by continuous ultraviolet Irradiatioii of the air in contact with such 
materials. This method is used in hospitals^ in the private oCiceg^ of 
physieiana and dentists* by barbers and beauticians, and others. 

In nurseries, in cubicles* in children’s wards* better air sanitation 
and reduced risk of cross infections have resulted from the use of 
ultraviolet light In many iristanceSj the ultra violet rays have been 
properly placed rtcroHS the entrance to each cubicle or small r(ioni+ 
Such a barrier or curtain of ultmviolet light has aided in preventing 
the spread of air-bome bacteria* Properly cngineere<l installations 
will mean normal and comfortable air currents free of disease-pro¬ 
ducing bacteria, which will pass through th>orways or corridors or 
from ward to ward, and will eliminate the danger of cross infection 
or of transporting infectiniis? organisms from nne patient to anolher. 

Not so many years ago, fumigation was a c^ommonly practiced 
procedure. Rooms and other quarters which had been ijccupied by 
patients with contagious diseases were treated with formaldehyde 
and other suitable gawes* but this method as a saiutarj aicl dis- 
continueil because of its inefficncy. Other teehniquea for the dis¬ 
infection of such environments have been used* hut all of them are 
costly or tinie consmnirig* or there are other reasons for seeking a 
more satisfactory procedure* Ultraviolet irradiation is being used in 
various contagious-disease hospitals as a valuable aid in the prepara¬ 
tion of tiospitai rooms* not only to reduce the length of time of prep¬ 
aration and thereby increase the length of lime of occupancy, hut 
also to prepare rooms with on atmosphere low in the content of hae- 
tcria and certainly lower than was previously possible. 

Hospitals are experimenting with ultraviolet irradiation in 
quarters other tlian mentioned above, as in kitchens, on conveyors 
holding food trays, in corridors* waiting riwms, clinic rooms* disr 
pensuries, examining rooms, incubator rc5oms, nurseries, isolation 
wards, etc. The experience of the management in the foregoing 
will make available in the near future more data concerning this 
valuable sanitary safeguarch There are some physicians and dentists 
who are using ultraviolet irradiation in the waiting rooms of their 
private offices. Solaria, children's homes, and other institutions a bo 
are utilising this new tool. 

Air^cOTiditiamn^ Modem ftir-conditiouing systems pro¬ 

vide air which is at the proper humidity and desired temperature, b 
practically free of dust and dirt, and is low in its bacterial couteut 
In these systems there usually m a recirculation of the sir in the 
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quartoi^ supplied* Host of this i^circulated uir before treatment is 
cODtaminated with bacteria. The proper installation of ultraviolet 
radiation in eir-conditiouing ducts is practiced commercially for the 
destruction of bacteria. By this method nothing is adtied to the air 
nor anything which k desirable removed. Not only oflioe, apart* 
rnentj and other bnildinga^ but many milroads arc now using ultra¬ 
violet Irradiation in combination with air-conditioning units so as to 
control better the sanitary quality of the air supplied. This supple¬ 
ment perfects air conditioning, for air Sfiinitation joiiis the physical 
comforts offered by tl^e latter. We can expect more and more stores, 
then tors, restaurants, other public places, and private homes to have 
this new type of installation added to their quartorSp 
}farmfaclUTinff aiid testing hhoruiori ^.—In pharmaceu¬ 

tical, chemical, and biological laboratories where in the manufacture 
of various preparations, especially serums, vaccines, end other sterile 
medicaments, it is important to obtain a sterile end product for 
marketable purposes, ultniviulct rays employed during all or many 
of the stages of processing such preparations, by eliniinatiug air 
borne bacteria, have proved to be a valuable aid in avoiding possible 
con lamination. In the preparation of ointments, cosmetics, and 
otlier pharmaceuticals, the keeping qualities of these prepamtions 
are reduced an^l losses result because of spoilage due to the develop* 
incut of fermentations by yeasts and other bacteria or by growths 
of molds and fungi. The use of ultraviolet irradiation to maintain 
bacteria- ami mold-free conditions In the air during tlie procesaing 
and at the some time wherever possible to sterili^ the surfaces of 
jars nnd other containei^ subject to contamination has resulted in 
prolonging the life of these preparations. 

In testing laboratories, where all kinds of materials aie esiimined 
to dotermine whether they are sterile or to note the bacterial content, 
it is most important that all precautions be taken to elimmate con* 
tiiinination during the period wiieii the materials sre removed for 
the tests to be made and subsequently when o^caniinations are con¬ 
ducted . Aseptic conditions throughout are absolutely e^nt ial* Ai r- 
borne eontaminaiiou is the dread of all workers who do culturing 
and conduct otlier bacteriological examinations. The use of selected 
ultraviolet radiations is a valuable addition in combating possible con¬ 
tamination during such testing. Suitable equipment has been de- 
«dgned for a portable ultraviolet unit which can be moved easily at 
will to any quarter and irradiate effect I vclj areas of definite cubic 
contents. 
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SANITATION IN THE FOOD AND BETEEACl INDUSTHIES 

A large number of installations of Euitable equipment radinting 
tbe selective bands of ultraviolet rays have been in operation in all 
kinds of food establishments and bottling plants and have demon¬ 
strated their effectiveness and valne. Important oonaiderations are 
presented. 

Meat mduatry .—Fresh meat composed of nutritive substances and 
approximately 80 percent water, an Ideal environment for bacterial 
and mold growths, will stmil unless it is kept properly. The com¬ 
monly practiced method of preservation is to place atich meats under 
suitable refrigeration or to keep tliem in properly operated oolJ- 
storago plants. But even under the most ideal conditions, physical 
and chemical changes occur. Evaporation occurs and there is a moi- 
terial shrinkage, resulting in a reduction in weight which frequently 
is an appreciable percentage loss. Certain types of bacteria and 
molds develop even at the low temperatures used. Tliey produce 
slime and coatings which affect the odor and Savor and cause a change 
of the natural color. It therefore becomes necessary to trim the meat 
and to wash and clean the surfaces to remove the growths and avoid 
an impairment in flavor, color, and odor. Ttie resultant fiitancial 
losses arc self-evident. The presence in walk-Li refrigerators, cold- 
storage rooms, display boxes and cabirtcts of properly installed equip¬ 
ment radiating the selective bactericidal ultraviolet light and 
containing low concentrations! of osmne {not more than 0.1 petcent) 
has provided a means of reducing the losses and making available 
more satisfactory and more salable meats for human consumption. 
Irradiation is said to produce a very slight surface coagulation which 
does not affect the color, taste, or odor, but it does cause a reduction in 
the evaporation and subserinent shrinkage. Some workers claim that 
ultraviolet light as commonly used does not coagulate tile surface of 
the meat, but admit that owing to the sterilizing effect, an additional 
saving results. The humidity can bo iniTcased in the cold environ¬ 
ment to 85 or SO percent, whereas in the cold-storage systems in presi- 
ent-day service without irradiation, it ranges from GO to 75 percent. 
Tlio properly engineered installations provide for the destruction of 
bacteria and molds not only on tlie surface of the meats but in all 
parts of the cooler including tlie air, ceiling, walls, etc. Tile reduction 
of bacterial and mold growths reduces to a minimum the necessity of 
trimming, and especially deep trimming, with its resultant waste, 
and the production of bad odors, Qavore, and objectionable appear¬ 
ances. Ultraviolet light properly used for meat, whether in the largo 
walk-in refrigerator, the refrigerated freight car, iho small cooler, 
or the refrigerated display case or cabinet, will produce an all-round 
better and more simitaij product, and obviously at a reduced coat. 
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The Teiideray Process, developed by workers at The Itlellon Institute, 
which has for its purpose the teuderizirtg of meat, utilises ultraviolet 
light for icihibitiug mold and bacterial growth as an essential part of 
its operation. 

BfJcing anrf dairy —The bugaboo in the baking plant 

is mold growth. Throughout the entire processing conditions are 
ideal for Hie development und proliferation of molds of all kinds and 
objectionable yeasts. In the marketing of the finished product, 
whether bread or cakes, you have in most iiistsjicea fresh moist nutri¬ 
tive materials which also lend themselves for the development of 
objectionable yeasts and molds from yeast and mold spores in the air 
and from other sources whicli may find their way in or on the bread 
or cakes. Sfany of the large baking establishments were among the 
first to introduce ultraviolet radiation in their plants. Their products 
are kept under the protecting rays oonung from suitably mstfified 
equipment throughout the entire processing and especially from the 
moment they leave the oven until they are packaged. Conveying, 
cooling, sUcing, and wrapping are conducted under proper irradiation, 
which even renders wrapping material free of contamination by unde¬ 
sirable yeasts, molds, and bacteria. Not only are the air and tlic plant 
equipment that comes in contact with the product continuously irradi¬ 
ated, but the destruction of undesirable yeasts and molds on nuts, 
raisins, and otlier ingredients added to bread and cakes is effected by 
treatment with ultraviolet light. This important saiiitary aid has 
improved the keeping qualities uf these products so that they can be 
kept in a safe and usable condition for longer periods of time in tlie 
usual channels of distribution and after tliey reach the consumer. 

Many uses of ultraviolet irradiation have evolved and are evolving 
in this dairy industry. Its use in dairy bams for keeping sterile dairy 
equipment during storage, and 'n plants proper in the storage and 
cooling rooms, In vats and coolers, in storage and tank trucks, and 
over milk-bottle conveyors to insure freedom from contamination after 
the bottles leave the washing and sterilizing machines until they are 
filled with the milk has resulted in a marked reduction in contamina¬ 
tion. Similar reduction and resultant financial savings have been 
effected in the processing and packaging of butter, cheese, and other 
dairy products. 

OtfUr foods and Ultraviolet light is being used as a 

sanitary aid on the farm in poultry houseis and in meubator rooms- 
In the marketing of preserves, when glasses and other containers of 
jellies and jams ana showed to cool before they are capped, contami¬ 
nation and Bubacquent spoilage may occur. The use of irradiation 
during the cooling operation eliminates contamination to a large 
extent. Similar application is made in food plants marketing salad 
dressings, in the frozen-food industry where fruits, vegetables;, fish, 
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arid oilier products Jita I rented with wltrRviolet light before they ure 
tromiu nnd in the packing and storage of fruits and vegetables, the 
latter being passed under a bank of effective nijs and tlien wrapped 
or packed or stored in an envi ronmcjit where the niys ai'c present. 

The beverage industry also is utilizing this new sanitary aid. Bac¬ 
teria and molds may affect the flavor, o<lor, and appearance of 1 jot tied 
drinks. To eliminate such contamination or at least to keep these 
objectionable Invaders at a miinmum content, ultraviolet light is being 
used in tlio Js>'mp vaU and other tanks, over the bottle conveyorS| for 
treatment of bottle caps nrid stoppers, and throughout the plant in 
generaL A pfissiblo future application of this process is iirthe brow¬ 
ing and fennentarion industries. In the manufacture of beer, wine, 
and other alcoholic beverages, there arc many opportiinilies for possi¬ 
ble contamination hy Ijacterin, undesirable yeasts and molds, resulting 
in the production of ohjecMonublci products. The use of tins sanitary 
(mil will undoubtedly be helpful here in reducing spoilage losses. 

SANITATION OF DRINKING AND ExATlNO t?TENSlliS 

Proper sanitation is necessary in eslablishmcrits serving Uhh\!^ and 
drinks to tlie public. One of the great dangers in such places is the 
possibility of becoming infected with ciLsCiasc-prodncing organisms 
from a common drinking vessel or from utensils not cleansed and 
sterilized properly. 

The first law passed in the United States against the common eat¬ 
ing and drinking utensil was in 1&09 when in Kan^^s legislation was 
adopted prohibiting the u$e of the common drinking cup. The use 
of the common drinking and eating utensil is dangerous and undoubt- 
ediy is a source of the spread of infectious diseases as it serves as a 
vehicle for the transfer of saliva, Uiifortimately the common drink- 
itig glass still survives in some offices, factories, public am! senripublic 
places and in other establishments where people are working or are 
foum] and where water is consumed. The use of either a common eat¬ 
ing utensil or, whnt is as dangerous, improjserly cleansed drinking and 
eating utensils, adds greatly to the opportunity for the transfer of 
saliva with all the health hazards that such eschange implies. Par¬ 
ticularly during tiie last few decades has the danger become even 
greater owing to frequency of travel and the ti emendous increase in llie 
number of cafeterias, restaurants, taverns, roadside stands, diners, 
lunch rooms^ bars, luncheonettes, and soda faun tains. Improved 
methorls of washing dishes and drinking and eating utensils and the 
use, wherever possible, of individual sanitary paper setrice will be 
necessary to keep down to a minimum the exchange of mouth secretions 
which is entirely too frequent. Many laws and numet'Ous regulatory 
measures which have the force of law have been passed in the form of 
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miinicipa! or township ordinances, county or State Jaws or actSr 
other le^ifiJatiTo shitiites. Usually the health departHients and oc¬ 
casionally other executive branches are responsible for the enforce¬ 
ment of these regulations. In many instances such regulations are 
nonexistent. In otl’icrs, the existing lairs are inadequate to meet mod¬ 
ern couditions or are impracticiii of enforcemcnL Frequently we find 
that there h no attempt made to enforce adequate legislation. What 
is even as important is the fact that there is comparatively little uni¬ 
formity in the methods advocated for cleansing and sterilizing drink¬ 
ing and eating utensils. There is a great diversity of recommended 
practices which should be corrected. In the use of hot w'ater and 
cbemiciilfi for the Eticrilization of gladware iind other eating utensils 
many problems are encountered esiiecially wdien operating on a small 
scale. "ITic loaintenance of the proper and effective sterilizing tem- 
perulnreSj the use of chemical solutions which can be kept at adequate 
strengtlii the elimination of discomfort to operators iu working with 
chemicals or with hot soIiitiunSt the elimination of odors and steam^ 
and the reduclioii of breakage are some of the features to be considered 
in any practical process. The use of ultniviolct light may help to solve 
thispi'oblem and the introduction of suitable equipment low hi cost will 
undoubtedly pit>vide a satisfactory menus fif si'eiiig I hat all eating 
utensils will be kept up to proper smitory reqnirenient& 

As a direct development of the scientificany proved value of 
selected rays of ultraviolet lights eating and drinking ntensils after 
proper cleansing and drying are being sanitized with this outstand¬ 
ing Ecierilific discovery. The effectiveness of the iiiys for tliis pur¬ 
pose 13 diq>cndcnt on their projicr application. kniveSs forks^ 

s|>oons, and other eiplipment to be siiiittized mtkst be treated in such a 
m ann er that all surfaces (iiLside and outside) are eX|MXsed, directly 
or by direct redcctiou^ to ^Viigstrom unit luys for a sulficieiit 
period of lime and at as short a diHlance from tiic st>urce of the rujs 
as physical liinitutions will aJIow\ Prujwrly aj^plicd^ the time re¬ 
quired is but a few minutes to be assinml that all disoa>:e-producuig 
bacteria have been killed. In this iirrioil of time, practically all 
diseaso-prodiicing bacteria and more than f)P percent of the total 
number of bacteria presentj aro destroyed. An additional valuable 
feature ia tliat irradiotlon con bo and is employc<i to maintain the 
sanitary condition of the utensils until required for use. You have 
seen glasses, dbsh^, knives, forks, sjMwns, aud other eating utensih^ 
after cleansing, being stored on shelves or in TOmpartments or rah- 
inets. During such ordinary storage the equijuneiit is not pi'oU^cied 
generally from air-borne infection or 11*001 contact with dust, flies, 
and other iwssible means of contamination, especially after being 
handled by waiters and others who in picking up one or tuore uten¬ 
sils, frequently touch otlierii. Ultraviolet light, an etticient dry 
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sanitizing proc^, also makaa possible an eSectivo dry sanitnij 
storage at all tune^ 

Yni’iuua manually operated equipment and, of greater convenience, 
inecbariically operated e(]mpment is available for sanitizing eating 
and drinking utensils and keeping tliem sanitized until ready for 
use. Cabinets easy to install and operate are marketed in many 
attractive designs of difTerent capacities, shapes, sizes, and colors, 
and they are equipped with direct and properly reflected selected 
ultraviolet rays. They operate automatically, so that each utensil 
receives radiation for a definite period and on removal the current 
is automatically disconnected. These units are very effective and 
perform their function of sanitizetiun more rapidly thiiti other 
methods. They ars adapted for use not only for large-scale but 
especially for small-scale operation at soda fountains, bars, and all 
places where beverages are served; and here the cabinets provide an 
attractive appetiniiice as well as visual evidence of a safe and effective 
sanitization procedure. 

OTHER APPLICATIOKS 

Ultraviolet lamps have been installed and ultraviolet radiation 
is being employed for the sanitization of many different materials 
and environments. In hotels and in public and semipublic places, 
this treatment is being applied to the sanitization of toilet seats. 
Tha unit is so constructed that after each use the seat is aiito- 
^tically raised into a cabinet containing ultraviolet equipment and 
it is subjected to ultraviolet radiation. Properly conatnicted cab¬ 
inets are in use for the sanitization of hair and shaving brushes, 
combs, too til brushes, and instruments and equipment used by phy¬ 
sicians^ dentists, chiropodists, barbers, and beauticians. 

Though previously mentioned, it is of sufficient importance to 
direct your attention again to tlic fact tlmt ultraviolet light does not 
poscss deep penetrating powers, and furthermore, a direct hit on the 
germs by the proper ray is necessary to kill them. All equipment 
therefore must be built nnd installed in a manner that will permit 
the proper sanitizing ultraviolet rays to reacli all surfaces of the ma¬ 
terials and obj'ecta being treated. Unless this is accomplished, ultra¬ 
violet irradiation will be uncertain and its value ineffective. 

AN EXLIOHTENliXi PUBLIC OPINION 

Your attention has been directed to the foregoing data because it 
is important that each individual understand something concerning 
the elements of disease control and understand better the problems 
facing health workers. The scope of preventive medicine is ever 
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^videmng. New saoitary aids and more effective jnethoda are being 
develop^ continuously for the prevention of many diseases and to 
rid materials of infective agents and environments of insanitary 
conditions, Toar fnmiliarity with the data presented will help to 
form an enlightened public opinion. An enlightened public con- 
sciouaness is all that concerns the well-being of the everyday citisen, 
fortified by a familiarity with important meflsttres that can be used 
to promote public health, will necessarily result in a greater utiliz¬ 
ation of these sanitary aids and a more widespread introduction of 
proper sanitary practice. 
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TKE^^)S XN PETROLEUM GEOLOGY ‘ 


By A- I. LEioasysr 


Tho oil iiirlnatiy, like cither great Aincrkai) indiiEtries, has made 
effective use of the most advanced thinking in many scientilic fieldSi 
This ia particularly true of its applications of physics, chemistry, 
eiigineeriug, and geology. As a matter of fact, the steep upward 
curve of the expansion of the industry during the past quarter cen¬ 
tury merely reflects the increasing use of the sciences in the discovery, 
drilling, producing, refining, and transporting operationa. And, of 
the sciences that have been employed, none has had a mote spectacular 
rise in usefulness than geology and its close relative, geopbysics. 

The oQ industry differs from most other industries tliat use the 
mineral deposits of the earth in one important respect, however, 
in that its supplies must continue to be replaced by new discoveries. 
IVhereas in the field of coal the supply for generations to come lias 
l>een discovered, is provedi and is known, the sitnatiori in oil is quite 
the reverse. The oil that our cliildrcn will use is not yet discovered— 
and being undiscowred, its location, quantity, and nature are not 
known. This situation k largely the result of the economic cycle 
of supply and demand—as the supply increases, the price goes down^ 
and the incentive to discover new supplies wanes. Equilibrium geems 
to bo rcachifd, on the average, when the known reserves are kept at 
approximately 15 times the current yearly demand—a demand that 
completely consumes the supply and leaves no residue with which 
to cushion an enicrgcncy. Tlie gas tank of this modern engine of 
progress must, therefore, be continually replenished and as long us 
this condition prevails there will be a need for methods and 
techniques of discovery^ 

Tliere is now an estimated knovrn reserve of IB to 20 bilhon barrels 
of oil undergKJund—oil which has been discovered, is blocked out, 
and ia available for use. This quantity is adequate only if new dis¬ 
coveries can be made to replace it as it is produced and consumed. 
The past ability of the industry to maintain discovery has been 

‘tteim at the PlftlEiti Annlrartatj OeleiiratloB at the Unlmwltr of Bfptwiiber 
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essentiEil to its growth, and if it should fail to find new supplies, it 
would qukkij relapse into n stifling routine operation and graduaU; 
stagnate. 

Tlte primary work of the petroleum geologist is in the field of oil 
discovery. His work is, therefore, fundamental and of vital im¬ 
portance, not only to the economy of the industry, but of the nation 
as well, for oil has certainly become one of the necessities of welb 
being for this age. He does many other kinds of work within the 
industry, particularly in the scouting, leasing, and production depart- 
ments, but failing of discovery^ they would all be of little value, 
for everything he does is subordinate to his function in the main¬ 
tenance of siippbes of crude oiL 

Probably as good a measure as any of the role of science in the 
discovery process is to be found in the most recent of the annual 
surveys made by Lahee* of the basis upon which wildcat well loca¬ 
tions w ere made in During this year he finds that of the 3,038 

wildcat wells drilled, 2,051, or approilmately two-tinrds, were drilled 
because of geological and geophysical reasons, and of the remain¬ 
ing one-third, most were drilled for various nontechnical reasons and 
part for unknown reasonsL Moreover, he finds that of the wells 
drilled on technical advice, 15.0 percent rvere producers as against 
only 4.2 percent successful in the case of wells drilled for non- 
teclinicnl reasons. It was, therefore, nearly four times as ad van* 
tflgeous to use teclmical reasons for making wildcat locations as to 
use nontechnical reasons. 

One of the curlcufi situations in petroleum geology is that in spito 
of our theories, and of all the workers who have given thought 
to the problem, little is known of tlie origin of oil, how it migrates, 
or how it accumulnto. About all that is known is that it is now- 
found in traps of various kinds, and as a consequence, almost the 
entire geological efl'ort toward discovery consigta in the soareh for 
such traps. The most obvious trap is an iip-fold or deformation of 
tlio eartli’s strata which will keep the oil witliin the affected area. 
In ilio idiom of tlie profession, lliese are called “structures^ and a 
pool which produces from such an anomaly Ss called a “structural 
pool.-^ 

Ijeaa obvious and much more dillicutt to find are ibose traps that 
result from, a variation in the porosity or in tlie stratigraphy of the 
rtwrvoir rock. Pools prwlucing from such situations are called 
“stratigraphic” pools. Random drilling has l>eeis particularly 
adapted to the discovery of “stratigraphic” pocrla, for in them we 
find no guiding s^irface or shallow indications. Most of the oil 
fields of the great producing areas of Ohio, Pennsylvania, West. 

F. n_, WilLlfft anUlnfl Ib ISiO. BsOl. Am^r. Anoc. TVtrol, Ofcol.. ral. 2B* pp. 
a£iT-1003, Jdii 4 lail. 
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Virgin]Ilf Knd Indiana) tog^thfir with those within the Potiti^l^aniau 
diluents of tile mid-continent region, nre of the stratigraphic type 
and were discovered largely by the early “wildcatter” who followed 
whatever hunch Eeemed best to the ooeaaion. Siicii drilling was 
totally UDficientifio but because them were so many shallow strati* 
graphic pools to discover, it was effective, and niatiy fortunes were 
built and large quantities of oil were found. 

The approach of the petroleum geologist to the problem of finding 
traps lliflt might contain oil hag been chiefly through his ability to 
locate favorable structural areas, either by surface or subsurface 
geology, or by geophysical methods. However, as ha ia forced to 
Search deeper and deci>cr for bis data, and iia it is becoming niore 
difficult to find untested “structures,” the espensc keeps mounting, 
and ha is gradually tuming his attention to the p^ibilities of finding 
stratigraphic typo pools. 'Flic ammunition he brings into uso for such 
work includes the microscoiw, the electric log, paleogeology, paleo- 
geography, imagination, and speculative reasoning based on sound 
fundametital geological concepts. The tide of exploratory thinking 
is running strongly in tins direction at present, and the possibilities 
for success are almost unbelievably great. 

Prolmbly the most important development of the past decade, 
and an approach that is ^ill in its infancy, is the continually widen¬ 
ing Use lieing made of well cuttingg, cores, electrical logs, and ail sorUt 
of detailed stratigraphic data. It calls for a technique which, in part, 
was forced upon the petroleum geologist when drilling methods 
changwl from the use of cable tools to the use of rotary equipment. 
At that time the driller was unable to make a satisfactory log of the 
well ho was drilling and the geologist was called on to do it for him, 
Tliis h& did through the use of the microscope, and the resulting ad¬ 
ditions to our knowledge of the stratigraphy, sedimentation, geologic 
history, pnleontoiogj', and atructura in much of the sedimentary area 
of tlie United States is so vast as to make almost all previous data 
obsolete and insignificant. 

Not only do detailed stratigraphic and sedimentation studies fur- 
nish tlie background for modem subsurface work, but tliey are also 
(ho basis for any scientific search for pools of the stratigraphic type. 
The operator attempting to find such a pool with a minimum of drill¬ 
ing is indeed sorely in need of geologic assistance. In n way it is 
like the children’s game of Hide the Button, the difference being 
that the operator now expects the skilled sedimentationist and mici'O- 
palcontologist to tell him when he is getting “hot” or when he is 
getting “cold.” 

In disensaing this question of the trend of potrolenni geology with 
one of the geologists of the Gulf coast region, I could not help hut 
agree with him when he stated that, in his opinion, the trend could 
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be expressed in one word and that word was ^downward-” He went 
on to oxpkiii that be did not mean that we were going into a declinej 
but that the thought and the efFort of the petroleum geologist were 
more and more being concentrated below the surface and in the realms 
of subsurface sedimentation, subsurface stmtigraphyj and subsurface 
paleontology. This entire subsurface developmeut stems directly 
from the place microscopic methods have taken m a technique of pe¬ 
troleum geology. A person working with subsurface geology began 
with tlie terms of the well drillers—^“hard rockj'^ ‘^soft rock,*^ **inud,” 
‘"^slate ” and the like. Gnidually he was able to change those to terms 
with a more geological sound—limestone, sandstone, and slmlc, and, 
as a further refinement, added such general textural and qualifying 
terms as crystalline, dense, lithographic, porous, sandy, dolomitic^ 
calcareous, and argillaceous. Now, we find him beginning to examine 
microscopically the individ\ial ininerul grains and to reduce their 
primary characteristics to the simplest possible terms; we find him 
concerned deeply with slight changes in facies; and we find lie is be¬ 
ginning to look into the possibilities of distinguishing the variations 
of single minerals as a guide to the sedimentary enTironments of dep¬ 
osition. Some think it is deplorable, but it is nevertheless irue in 
petroleum geology, that the microscope has pi^etty wall supplanted 
the plane t^ible and stadia rod as the leading method of obtaiuing 
geologic data. 

Geophysical methods have become so well established in the oil¬ 
finding technique as to have long since passed beyond the trend stage. 
Moreover, ii is not the purpose of this diHussion to go into other than 
the strictly geological aspects of petroleum exploration, leaving to 
others the telling of the brilliant contribution geophysics is making 
to the oil industry. 

The chief function of geophysics in petroleum exploration is to 
obtain structural data in advance of drilling. Geophysical data, in 
order to be efl'ectivc, require geological interi>retation and so far this 
has becin mjccessful only in the search for structural accumulations. 
The time will certainly come, however, when the geologist will bo 
able to interpret geophysical data in terms of sedimentation and stra- 
tigraphy and then the entire field of strutigmphic type oil pools will 
be opened to geophysical methods. Since geophysical data are all be¬ 
low the surface of the ground, when they arc added to the steady 
stream of subsurface well data, tliey briber tend to push our 
thinking deeper and deeper. Even now the commercially accurate 
mapping of geologic conditions 5, 10, or even more thousands of feet 
underground is a daily routine in many areas. 

Aa the exploratory effort becomes deeper, it becomes more complex, 
and it also increases rapidly in co^. There is a tendency, therefore, 
in some quarters to go back to a reinterpretation of surface and sub- 
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surface information for the reftson that many of the discoveries of 
the past, which have been attribut<*d altogether to geophysical jncth- 
ods, would or could have been made by ordinary geological tech¬ 
niques at a much lesser cost. 

Obviously, there is much yet to be learned from surface mapping. 
One important factor is the avaUability of aerial photographs in 
nearly all regions, which force into the discard the methods and 
standards of accuracy that prevailed even a decade ago. Another 
factor, which has been the caure of jnany failures of interpretation, 
is the almost imiveral presence of nneonfonnities. Wlten a surface 
fold is projected through two or three anconformitics, one or more 
of which is associated with diverging thickness of sediments, the 
expression of the fold at the surface hss but a faint resemblance to 
whflt is found at ft or 10 thousuind feet below it. A third factor that 
applies to stir face geoiogy is that most of the early work was solely 
concerned with a search for anticlines nnd other types of favorable 
deformation. Many regions arc therefore being rework^ and the 
detailed stratigraphic information, which was neglected in the first 
surveys, is now b^ing adder!. In my own ejtpcrienoo, I well know 
that the year I siieiit in mapping “ stnictnres ” in the San Juan Busin 
of New Mexico could be repeated to better advantage by mapping the 
stratigraphy and its relation to possible oil accumulation. 

Tliis brings us to another trend which is apparent, utid that is a 
growing awareness of the importance of geologic history in the search 
for new oil fields and new oil provinces, It is exprcsfied in the deep 
interest of geologists in unconfomiities, overlaps, wedge belts of 
porosity, paleogeology, lateral and vertical gradation of porosity and 
permeability, facies changes, ond in all of the varied phenomena of 
sedimentation. We may think of the rocks between each regioiuil 
unconformity as being in layers of gtmlogy—each layer having its 
own peculiarities of sedimentation, structure, stratigraphy, and value 
as a potential oil-producing unit. In some regions, notably west 
Texas and northern Louisiana, as many as four such layers are being 
explored and each found productive. Many other developed areas 
have shown two or three such separate and distinct layers of geology, 
and we may, therefore, conclude that much of the unexplored terri¬ 
tory of the United States, undeveloped because it was thought to bo 
uninteresting and monotonously uniform from a shallow structural 
viewpoint, now takes on value, because it likewise may be underlain 
by two or more additional layers of geology. Thus, the Erst dues 
to the possibilities of a new region may not appear until one starts 
exploring 5, 6, or 8 thousand feet below the surface, and thinidng 
through one, two, or three regional unconformities. The almost 
infinite number of combinations of structure and stratigraphy that 
have in the past been found to produce oil, if projecied into the 
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future and consiidered as possibilUiea of accmrtulntion in each or any 
of these unexplored layers of geology, reveals a cori-espoiidingly large 
undiscovered future oil reserve snd the enottiious geologic effort 
neoessniy to 6nd It 

Most petroleum geologists began working in two dimensions— 
length and breadth at the surface. Later, as more wells were drilled, 
a third dimension, deptli, was added. They now find themselves 
thinking and applying a fourth dimension to their work—geologic 
time—and as with the other dimensions, its addition to their kit 
gives the horizon yet another push outward. 

The only really new approach to the problem of oil discovery tlmt 
has developed in many years is the recent use of earth-ehemistiy or 
geochemistry. Its approach differs from geological and geophysical 
^sterns because it is a dii'cct method, dependent only on the presence 
of oil regardless of the kind of trap, whereas the older methods are 
all concerned solely wiUi the search for favorable structure, in which 
it is hoped oil may be found. 

Many claims have been made for geochemical methods and if they 
were all realized it would be but a short time until all of the oil fields 
in the world were found. However, there are many geological objec¬ 
tions to its philosophy, and so far there have been very few or no oil 
fields found us the sole result of its application. Until it proves 
itself to be successful, it will probably continue to bo regarded with 
u considerable amount of restraint as an instrument of discovery. 
Wo should not forget, however, that much highly intelligent experi¬ 
mentation and research is going on continually in this field, and that 
we may well see the day when it, or some modification of tlie present 
method, is a generally accepted tool of oil exploration. 

A development in petroleum geology, which 1 believe is significant, 
is of a different nature ^ce it denis with the geologist mUier than 
with his thinking. It is the trend in tlie oil industry to place geo¬ 
logically trained and experienced men in executive and managerial 
positions. It is coming on at an ever-accelernting pace and in nearly 
every month that passes we hear reports of promotions snd changes 
in which geologists are advanced into positions of authority outside 
their normal field of activity. As Pratt* has so well put it, the 
geologist now ** permeates the industry,” and he has come in ^ like a 
metRsomadc phenomenon in ore deposits in which the invading solu¬ 
tion completely changes the internal character without chsinging the 
outward appearance,” 

This trend has far-reaching consequences. Although in the early 
days the petroleum geologist wag practically limited in hig application 
of geology to discovery by hig ability to make the nontechnical execu- 
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tive undcistund what be was tryiag to do, now ho tiiKls a siore tolerant 
and understanding attitude in tlie executiro departments, which learos 
him more freedom to concentrate on big geology without the necessity 
of promoting it or eellhig it to someone with no conception of its 
philosophy or method. Nothing cools the entliusiasm of a scientist 
as quickly as an unsympathetic superior, and this handicap, which has 
prevailed in too many instances, is rapidly being lifted to the ultimate 
good of both the industry and the science. 

Not only is the geologist going into executive positions w-ithin the 
larger units of the industry, hut he is also going into the oil businefa 
for himself in continually increasing numbers. He may call him¬ 
self a consulting geologist, but more often tiian not he is buying and 
selling oil and gas leases, drilling wildcat wells, and has oil or gas 
production of his own. The study of gcolo^ and its method of 
thinking is good training for anyone entering the oil industry in 
a similar manner to tile study of law, wliicU has long been considered 
a good background for entry into business in general. 

DcGolyer * has pointed out another signiheant change in the work 
of the petroleum geologist in tliat lio is becoming more and more a 
crxirditiator of a variety of geologic data, all of which are obtained 
by experts and turned over to him for interpretation. This con¬ 
trasts strongly with the older methods, where the geologist went into 
the field himself to get the data, and returning (o his office, made his 
interpretation. Then, one geologist did all of the geological work 
incidetit to the drilling of u wildcat well; now there may be a do^n 
or more sijecialists, each securing data of various kinds, which are 
put together by the office geologist into a coherent and rebted whole. 
Thus today the exploration problem is complex and tlie liigh costs 
prior to drilling a wildcat well may even approach the cost of the 
well itself. If one is to succeed at this kind of interpretive geology, 
the need for the best possible training is obvious. 

One of the healthy signs in petroleum geology, therefore, is the 
interest that is being shown in the college curricula of geology dci>art- 
ments. This waa aptly put by a petroleum geologist the other day 
when he said, in discussing one of his college profesois, ‘'1 worship 
the very ground he walks on, but he is teaching 10 j^ars behind the 
times. Something ought to be done about it.^ 

Well, something is being done about it. After studying all of the 
coUege catalogs of geology curricula and after sending out many 
questionnaires, a committee of interested geologists appointed by 
Henry Ley, President of the Am erican Association of Petroleum 
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Geologists, Lave made a ptelimiiiai? report* In it they concluded, 
in part, that moro attention in coUege training should b« given to 
English composition, mathematics, chemistry, phy^, descriptive 
geometry, logic or the ability to reosou accurately, foreign language, 
sedimentation, geophysics, and held work Biology might well be 
added to such a list also. Apparently tho teaching of the strictly 
geolo^eal subjects meets their approval but they f^l there should 
bo more training in the fundamentals of science in what might be 
cal led “background” studies. Tl ley also favored more problem cou rses 
and fewer memory studies in the prepanition for a caivor us a pctiv^ 
teum geologist. In order to do all this and still have time to do the 
essential work in genlog^y, they believe the standard course of study 
should be for a term of S years, Instead of 4, as at present. 

I rather think this interest in college curricula is traceable to the 
genertd broadening of the viewpoint of the petrolcuni geologist. As 
he takes a more active and responsible i>erl in the oil industry; as 
he goes into the oil business for himself; and as his strictly geulogtcnl 
duties require greater imagination, more sound reasoning, and a 
broader basic understanding of Uie intertelution of the various sciences, 
so he oouies to realize his own shortcomings and the need for better 
preparatory training for those noxr in the college.^. In effect, this 
moans that the specialized held of petroleuin geology is coming of 
age and is commencing to tliink about building its own standards 
of training and achievement. 

Thus we «e that geology and geologists are exercising a constantly 
expanding induence on the whole business of iindlng and producing 
oil and gas. There is no sign of a slowing down of this trend of 
usefulness, but, on the contrary, it is accelerating steadily, year by 
year. The petroleum geologist is becoming an “oil man” in every 
BCtiso of the word, which, after all, is the best proo-f that he is keeping 
pace with the other applied sciences in the forward*idOving front of 
scietttific progress, 

• JiWiirt or Cbinliiittco oa rolleire CorTUullk, P. R. Lntiw, ChiilrniiD. Bull. Amar, 

A««ge. ^roL OeoL. vol 25, BecuDTs, M«y 1541. A iat«r report of ttili romtiritI jM 
o»y li« found la vot, 25, p|>. 042-045, llay 1042. 
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HL'iTORlCAL ftAf-KGROUND 

Metwrites arc those portions of meteors which survive a pssftge 
thrOHch space and through oiir almosphcre nml actually reach the si^* 
face of the earth. Of the countless number of meteors that enter the 
atmosphere only a very few of any si»e make a successful landing upon 
our ^rth. In this short review it will be shown that the air we breathe 
serves also as a shelter front met con tic bombing. _ 

Histoiically speaking, only comparatively recently has the mind 
of man acceptcid the fact that pieces of stone or metal could fall from 
(he sky. This is all the more interesting when we observe how fre¬ 
quently rcfeicncGs to the fall of a meteorite appear in old legends and 
records. In general the early descriptions arc alwut as accurate as the 
ones reiwrtwl to us today. An all-inclusive review of these old records 
will not be ntlempted, but a few will be cited to show not only their 
untiqiiUy, hut also tlie imiiortance people have attached to these celes¬ 
tial objects. Man has been emotionally stimulated by seeing them 
fall and by relkcting on their oripn, as well as being physically served 

bv making practical use of them. 

* Many a meteorite has been reverently ti-easuml hy priroitive iieoplos. 
We read of them being buried as sacred objecta, worshiped as idols, 
even hammered into weapons and useful tools. Early explorers re- 
portetl the use of objects made of Iron by people who liad no comraera 
with the outside world, as well as by people who were unfamiliar with 
methods of reducing iron from any of its ores. Many of these objects 
have been studied aud found to be made of meteoritic iron. 

Mythology has numerous old heroes who claimed to have had swords 
that had fallen from heaven. A dagger found at the site of Trey 
(Hissarlik) was reported by Dr. Schliemann to be a fragment of a 
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meteorite. Tlie destniction ef Sodom and Gomorrah may have been 
due to the impact of a falling meteorite; oilter explanations have been 
offered, but the meleoritic impact theor}' is as logical as any suggested. 
In Josima X: 11 we read of great stones that fell from heaven on the 
Amoriles in the battle at Gibcon. Again, in the 18th Psalm, we read s 
**The Lord also thundered in the heavens, and the Highest gave his 
voice; haihstoncs and coals of fire.” 

In Acts XIX: 24, there are accounts of *^a certain man named 
Demetrius, a silversmith, which made silver shrines for Diana, brought 
no sm all gain unto the era f tsmen.^’ F a riher along i n the sa me chapter, 
35th verse, ^Ye men of Eaphesus, what man is there that knoweth not 
how that the city of the Esphesians is a worshipper of the great god¬ 
dess Diana, and of the Image which fell down from Jupiter f’' 

Wlien the Casas Grandes meteorite was found in Mexico, it was 
wrapped in mummy doth, indicating probably that tlie people treated 
this object with the same respect that would be paid to one of their 
rulers. Prof. F. W. Putnam described some meteorites from south¬ 
western Ohio that were found buried in an altar in association with the 
most precious objects of the mound builders. 

At the time of Cortex* * conquest of Sicicico, It was noted that only 
the most distingnUlicd Axtccs had daggers and knives made of iron, 
a metal more highly prixed than gold. The invading Spaniards re¬ 
ported no smelting furnaces for the reduction of iron, and when 
inquiry was made of a native as to the source of this iron, he would 
invariably point to the sky. Cortex and his followers certainly never 
guessed that the iron used by the Axtccs was of meteoritic origin. 

TLe Descubridora meteorite from San Luis Potosi, Mexico, an 
iron mass of over 1,000 pounds, contained a copjjer chisel embedded 
in one of the fractures, indicating that Neolithic man was attempting 
to obtain and use this iron. 

Tlie famous “black atone** forming part of the wsQ of the Kaaba at 
Mecca, ancient religious center of the Arabs, is doubtless a meteorite. 
Only such an object, ap{»»iring miraculously from tlie sky, could 
have made such a profound impression as to become sacred. 

Important events iu tlie lives of the people are recorded on their 
coins. Many of the early Greek and Roman coins bear represonta- 
tions of meteorites. It has been reported that the metal from meteor¬ 
ites has even been used as a medium of exchange. 

In 1812, when Napoleon was engaged in the battle of Borodino 
against tlie Russians, a stony meteorite was seen to fall not far from 
the Russian general. Napoleon won this battle, but lost the cam¬ 
paign against Russia. By a very narrow margin this meteorite 
missed being a celebrated historic specimen, for had the Rusrian 

« oi. Ann-f, Ocolodat (UlnnwoUi), rot 
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armies rallied in thia battle and defeated Napoleon, the Bastaorite 
would doubtless Lave been taken aa a diTine BTmlwl that inspired 

them to Tictory. _ . * * *i. 

Not only have meteorites stiinulated man’s Imagination m the 
more of less remote past, but their scientific study has led to useful 
disooveriee* According to the foDowing quotatmn from a paper pre* 
eentod at the Second Empire Mining etid Metallurgical Congress, 
Toronto, Canada, in 1027, by Eobert C. Stanley, president of the 
International Nickel Company of Canada, the firet use of iron and 
nickel alloys was suggested by a study of the Smithsonian collection 
of meteorites by Samuel J. Ritchie and John Gamgee: 

WUle Ctolonol Thempsou was ,wT€stllng with the prebtuni cf the BepnmtlOB 
flf the nickel aod capper, wbleh wbb sa1is«|,o«itlr eolved hj the Orford, and 
Inter by the Utma process, Mr. Bltchle hud to mce the probleiii uf crentln* n 
marltot for his lUeltoL TUe World's nimiuil ctmsumpiicHi of Dickel. la IBSU, waa 
four Ihcmsand tons, whereas the rich ores of bla Canadian nilnoa were ready 
to turn OBi twice that amonnt. The price, wtlch hnd hecn $1 n pound or more 
when the Canndlun deposits were first opened UP only a few yoiira before, had 
BhruEik to 65^ by IS89. The market was heavily over-stocked- Oennaft-sUTer, 
electrcplutlng and coinage were pmctictiUy the ody uses for the mctnL The 
future flf the Canndfau Industry depended upon the mtenelcn cf the mhrket by 
Oodlng new uses for ulCkeL 

At this Jimcnire Mr. Ritchie recntled an etpcricnce some years before in 
Wushlngton. He had met there John Obiuem, an EtigUiilininii, who had Inter¬ 
ested the Gorenunect tn the building of n refrigerated hospltai ship for trent- 
meat of yeJlow-Iever patleotn In the OiUf porta Gamgee luTeutlgatcd nmmculn 
refrlgeru t Lug mathlnes hut soon found that cast iron wonlil not bold coni' 
pressed nmmonln gas. He tried aU tlnds ef nHoyi Then, going one day 
ibrough the SmlthstinJan Institution with Mr. Ritchie, he saw souse otCkel- 
Iron meteorites and decided to tty such an alloy. Mr. Wharton furnt^od some 
nickel with which Gamgoe produced a very superior nlckeldron alby which 
held the gas. Gsmgee’s ship was nevier bnlit hut he bad demenatraicd the 
poasIbUJtles of nldteldron aJloye- 

NUMBER AND DlSITtlBDTION OJ MErTEOBlTES 

The total number of known falls of meteorites for tlie entire world 
is about 1,400, which number includes only specimens now preserved 
in various collections. Not all of tbese have been studied, and as 
some of the disooveries lie comparatively dose to each other, many 
of them may when studied be found to be individuals of the same 
fall. Tbe United States alone has cfontributed more than 35 percent 
of the known falls or disooveries. This indicates a keen interest in 
the subject in thia country, because the land area of the United States 
is a much smaller percentage of that of the entire world. 

The distribution of meteorite localities is far from uniform over 
our 43 States. The fact that so many meteorites have been found in 
some States and so few in others may be due to several causes. There 
are areas where it is difficult to find a meteorite on tbe ground because 
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of the thick Tcjcetation or tlie numerous rocks strewn over the surface. 
In other areas conditions are idea) for easy reeo^itlon of a meteorite 
on the ground. One reason wliy so luatiy falls have been reported 
from certain districts is that the inhabitants have been encouraged 
to search for meteorites by being advised th.at these objects are easily 
salable. Once the lesiclents of a district know what a meteorite looks 
like, and realize that there is a chance of monetary reward, it is likely 
that new finds will be made. 

There Imve been sO many meteorites reported from certain districts 
that it hus become necessary to exercise caution before announcing 
a discovery as a new one. It is increasingly important that the exact 
locality of tlie place of disicovery be recorded; the old practice of 
stating general Iwalitics such os counties no longer suffices to estab¬ 
lish new falls. 

It is not only necessary to have a portion of any newly discovered 
si)echnen examinet) in the laboratory, but it is also imjiortaiU to have 
U examined when* complete records of all falls are available, and 
]>refi'rably where there is a largo collection of meteoritic material 
available for com pa i:u live study, Sections should be cut fnsm the 
mas to be compared with the other meteorites previously rcjjortcd 
from that area, Alariy meteorites arc so similar in strtictllre and 
composition that even after these precautions arc taken, it ia difficult 
to state definitely whether a parlicular si>ccimen is a new discovery or 
ia merely a putt of a fall previously recorded from that area. 

The United States National Uluseum has specimens of over 75 
percent of all the reported meteorites fiiom tills country and nearly 
55 percent of the total reported for the cntitw world. Thus excellent 
reference material is available for the investigation of a newly dis¬ 
covered fall. ImlivjduuUy all the s[K!cimens are not of opial impor¬ 
tance, but collectively they arc most impoitant for the study of varia¬ 
tions in tlie structure and composition of the different grouiis. Some 
of the sficcimena weigh more than a ton, others but a few grams. It is 
necessary, however, to have sizable saoiples in sindying objects as 
complex and varied os meteorites. 

FLIGHT OF A METTF/CmiTE 

At the time a meteor enters the outer atmosphere perhaps 40 miles 
or more above tlie earth, its speed is known to be very great. The 
slowing down of the rapidly moving object causes the meclianica) 
energy to be converted into heat with the result that the air com¬ 
pressed in front of it becomes very hot. As the density of the air 
increos^ the velocity of the meteor is more retarded, and at the 
same time the amount of heat tiius generated rapidly increases. 
When the falling body is within 6 to 9 miles of the earth’s surface, its 
velocity usually is so reduced that the generation of heat practicaUy 
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CG&s^ hucI It therefor^^ is no longv^r luminous* Uuring th® fall hc^t 
diffuses slowly into the nifts^ so that the outside rapidly incneases in 
tei^ipomtnrp. Soon tlie surface is softenwl and remoTed by the 
scouring action of the air. This type of erosion progresses with the 
penetration of heat* As the falling mass is constantly entering a 
denser atmosphere^ the frictional resistance increases j consequently, 
the stripping away of the outside goes on at an accelerated rate. 
The sb-e of the falling body is reduced rapidly. 

It has been demonstrated that tlie ^mmctrical etch pattern of a 
cross section of an iron meteorite is easily and ratlasr completely dis¬ 
rupted by heating to a bright red heat* So if heat has penetrated 
dceplv Into these irons their interiors would be found without this 
formal structure. Examinations of sjcores of cross sections of irons 
liave been made^ and no evidence exists to show that the interior was 
heated during the flight* Tlie heated zone detected by study of sec- 
tioii& is seldom more tlian 1 or 2 cm. thick, 

Tho surfaces of many stony meteorites show well-defined marking 
that indicate the orientation of the body through a portion of its 
flight. Since only a few iron meteorites have been seen to fall* most 
of those now known are old ones on which the flight marking have 
been removed by nltcration* Tile finding of such a perfectly pre- 
E^rvi:^ set of flight markings as the ITreda^ h-* Pak., iron is unusiiaL 
The outer surfneo of this specimen tells the story of its stniggle 
through our atmosphere. The Freda iron is smoHi weighing only 2G8 
gramSf but its sliape and internal structure make it of great interests, 
and ils flight markings are beautifully preserved. The nose of this 
specimen is turned over Just as though it had been hammered. There 
no reason to suppose that this resulted from its impact with the 
ground since it was found in soft §od; honoc it appears that this rolled 
edge is due to the resistance offeretl by oiir altnosphcre* The turned- 
over nose must have developed during the last portion of tlie iron^ 
flight, because had it developed very high above die earth, !t would 
have been stripped off before the meteorite landed* This mass roust 
bavB attained a very high velocity to produce air pressure capablo 
of turning or battering the metal in such a fashion. A determi¬ 
nation of the composition of this meteorite showed that it contained 
23.4^ percent nickel and 76.60 percent iron. Material of such a compo¬ 
sition would not change from tho ^lid to the liquid phase until it 
reached a temperature of about 1470* C- It would not be necessary, 
however, to attain that teruperatnre to soften the metal to a i>oint 
where it could rather easily be ivashed off by the air stream* Tlic tem¬ 
perature required to accomplish this would probably be several hun¬ 
dred degrees lower than the melting point* 

In addition to the more delicate lines on the surface of meteorites, 
a number of depressions are usually present; some are shallow and 
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wid«, others narrow and deep, and exiunples are known in which a 
hole pierces the entire mass. It is sometimes posible to detenmne 
the direction ot the air How by rtibbmg one's hand over the surface of 
the meteorite. The surface feels smoothest when the motion of the 
hand is in the same direction as the air How, a decided difference be* 
ing sometimes felt on rubbing the surface in the opposite direction. 

Wlien the !Reed City iron was sectioned in our laboratories, a number 
of slices eshihiled areas on the edge where heat had locally disrupted 
the internal stnictural pattern. A thin him of black solidiBed liquid 
oxide lies betireen the granular area and the normal octahedrite 
structure. This oxide film (pi. 4) must mean that there was a small 
invasion of melted oxide and iron, the latter developing a granular 
structure in cooling. If the mass had remained in a fixed pomtion 
n little longer, perhaps tliia granular portion would have been swept 
out, deepening the depre^on and also making possible the forma¬ 
tion of whirlpools of air which would further abrade the meteorite, 
forming the pits common on so many irons. Unfortunately these 
structural features were not observed until the individual specimen 
had been cut into sections so it is impofisible to relate this structure 
to any flight markings that may have been on Uie surface of the 
specimen. 

Tile air does an effective piece of work in rubbing out these celestial 
bomba. Their size when they first enter cmr atmosphere is not known 
with any accuracy, hut there is lonaon to believe they are sometim^^ 
very large. Records of different falls show that very few large ones 
get througit to the earth, and we should indeed he tliankful that tile 
air Is such an effective screen against meteotitic bombs. The total 
weight of material in any shower may be large but it is unusual to 
find individual specimens weighing as much as 500 pounds. Good 
observations on the Chicora, Pa., fall indicate that a large mass did 
survive the passage through the atmosphere until it reached a level 
of about 12 miles above the earth. At this point something happened 
—^probably the mass was crushed by the pressure of the resisting air. 
Calculations based upon direct observations indicate that at the 
12'milo level the mass must have weighed in the neighborhood of 
600 tons. Only 803 grains of this meteorite arc known to have reached 
the earth, which is indeed a very small fraction of what existed 12 
miles up. 

In a few widely scattered localities on this earth, large holes bear 
witness to the crash of super-meteorites. All but one of these occurred 
before the dawn of recorded history} consequently we know nothing 
regarding the frequency of such events. One of these super-meteorites 
that did fall in our time—the Tunguska meteorite which crashed 
down on Siberia on June 80,1008—really gave our world a good rap. 
European seismographs recorded a strong ground wave, and baro- 
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graphic mstnmants in England recorded pressure waves, Ah engi¬ 
neer on the Trans-Siberian railway had to stop Ins tram the night 
of the fall to prevent its being derailed by earth waves~ond this was 
mote than 400 miles from the place where tlie meteorite bit. Fortu¬ 
nately the region of the fall was very qnuijely inhabited, and for 
that reason it was a long time before the world know what huppened 
that night When the scene was reached by outsiders, it was found 
that all the trees within a radius of 60 miles of the center of impact 
were blown flat. They were not strewn over the ground in a coiifu^ 
manner, but were arranged radially from the center of impact. For 
much of the distance that the trees were blown over, tlie wood was 
charred by the heat waves. It is doubtful whether any man or animal 
could have survived within many miles of the spot where the mass 
hit. It would be difficult to pick a spot on the globe where such an 
event would involve less danger to man, However, it would have 
been a different story had this meteorite arrived on earth 4 hours and 
47 minutes later, because it would then have made a perfect hit on a 

large city—Leningrad, 

Canyon Diablo crater in Araoita is the largest of these meteontic 
holes, and from the area surrounding its rim several tons of iron 
meteorites have been collected. Sone of the individual specimens thus 
far located is very large, the masimum weight being about 1,000 
pounds, but some of these large specimens have been found several 
miles from the crater rim. No meteoritie material has as yet been 
found around the Siberian fall, hut collecting in that area is most dif¬ 
ficult. The quantity of meteoritie material buried at either place is 
problematical, and also the sbee and weight of the mass that struck tlie 
earth. It is certain, however, that a most violent explosion resulted 
when such a vast quantify of energy was abruptly checked and turned 
into heat and wave energy, 

TYPES or fHON MBTBOHITES 

A few yearn ago tlie National Museum received several irons from 
nortliem portions of Chile where towns and named geographic land¬ 
marks are nut abundant. The reported localities were given in miles 
from railroad stations or mining camps. Wlien these irons were sec¬ 
tioned all were found to have similar structures belonging to the 
hesahedrits group. It woe then hoped that chemical investigations 
would estnbliah certain differences, hut as the work progresed and the 
results were tabulated, it was found that they were all practically iden¬ 
tical. The distribution of these nine Chilean meteorites is confined 
to n narrow strip extending of latitude north and south and 
1*58' of longitude east and west. It is hardly logicol to consider all 
of them os being n part of the same fall, and yet it is equally difficult 
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to believe tfaftt nine diSeteni meteorites of identical t^pe would strike 
the earth within such e limited ereu. 

It is well known that tliere is n definite relationship between the 
structui'e and t he composition of iron meteorites. Since die analytical 
work on irons is not as simple as many cheiuijits once believed, few of 
the old analyses can be used, in iiUerpreting this relationship. Hence 
it is ^'ery likely that the variation in nickel now reported in die Utera' 
turc may in large part he due to faulty methods or to improper sam< 
pling. 

Search of tlie literature revealed a niiiiiber of antilysGs which agree 
perfectly widi the results on the Chilean material. The finding of 
so many identical analyses from all parts of tho world suggests either 
tliat (1) all meteorites of similar composition and structure have a 
common origin and their distribution over the earth is due to their 
having fallen at diffoicnt times, or (2) nieteorites should be considered 
as forming from melts of iron and nickel, etc., and the resulting struc¬ 
ture of the alloy will depend upon die composition of the original melt 
as u'ell os on the speed with which it cooled. Evidence defioitely indi¬ 
cates diat tlie second supposition is the more logical one and that the 
c]iffi‘re]icea in oictcorites are due not only to differences in the com- 
p«taition of die origliia] mcU, hut also to temperatures and rates of 
fooling. 

In otlier words, whenever the proimrtion of nickel and cobalt in 
metallic meteorites is less than about 6 percent, only structures of one 
class—^tiexahed rites—will form. When the nickel and cobalt content 
111 the original melt is higher than 6 percent, a second alloy will begin 
to appear. Wlien the large areas of simple structure are broken up by 
inclusions of this second alloy arranged in a definite pattern, we hare 
a structure known as an octa bed rite. 'The rate of cooling determines 
the ease with which the different components migrate and increase in 
siae. When the percentage of niekel and cobult is only slightly higher 
than 6 percent, only a little of the second alloy, known as taenite, will 
form, so that there arc rather wide bunds of one alloy (kamacite) 
separated by specks or thin films of taenite. This combination pro¬ 
duce* wliat we call coarse octahedrites. As die nicke! content in¬ 
creases, finer and more delicate structures appear. It Is not ea^ to say 
whether composition or rate of cooling is tlie more important factor in 
die production of a certain structure. 

The th^ classes of iron meteorites ore hesahedrites, octahedrites, 
and ataxites, each having distinctive general features tliat are most 
noticeable after a polished surface is etched. Certain dicmical dif¬ 
ferences also exist, but there is no sharp boutitlary between the dif¬ 
ferent groups and they intergrade with one another. 
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Uii^iiiedrites .—^Analysts of different meteorites of the hexahedrite 
tjTw show there is little variation between any two of them (table 1), 
Hence the chemical evidence indicates that a rather definite aUoy 
is formed which produces rather simple etch patterns consisting of 
one or more sets of parallel lines. The name kamacite is given to 
this composition and pattern, and the deliciite Etructuial lines are 
called Neumann lines^ A meteorite coiitflining only this relationsliip 
of iron and nickel is called a hexahedrite. 

Tlie compositioDs of bexahedrites are not absolutely definite. The 
variations from the average can be seen by comparing the individual 
index ratios, obtained by dividing the molecular ratio for iron by the 
sum of tlie molecular ratios of nickel and cobalt. The average index 
ratio of analyses given in cotuinns 1 to 15 of table 1 is 16.7, and 
the average ratio for 6 north Chilean heiahcdrites given in column 
17 ia 16.9, Bearing in mind that all these meteorites probably did 
not form under identical conditions, we see that the amount of 
variation is relatively small. 


Table 1 .—CompetHim of hexahedritet 
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Octahedritc $^—^ilore abundant in nature than hexahedrites and 
with a wide range of structural and chemical com|iosition are the 
iron meteorites known as octahedrites. If etched sections of this 
group am carefully observed there will bo noticed areas which have 
etching lines similar to those displayed in the hexahedrite group, 
anieei— 4 S-IT 
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It will be further noted that these areas form rather long but narrow 
bands and are separated from each other by delicate lines of an 
alloy with a totally different appearance. Eomacite is the name 
given to the metal in these wide lath-shaped areas and the metal in 
the delicate lines bordering tlie kamacite is taenitc. The cheznical 
analysis (table 2) simws that this group of meteorites always has a 
higher percentage of tiieket than hesahedrites. At this point the 
esjdanution of structures bc^ns to become apparent. The single 
alloy, kamacite, of which hesahedrites are made up, is composed of 
iron thirt is about saturated with respect to cobalt and nickel. Any 
excess of these metals over tlnit needed to mate konumite combines 
with iron to moke n second alloy, taenite, and the duitrlbution 
arrangement of these two alloys forms an octahedral pattern. 
Taenite is slightly different in its acid-resisting properties, and on 
the etched face of a meteorite it stands out in relief against the 
kamacite. 

T^^len a series of etched faces of octabedrites is spread before the 
observer, a difference in width is noted Ijetween these kiunacite bands 
in different specimens. Some are veiy narrow and sun-ounded with 
a continuous thin, but welUdevelopcd, line of taenite; others hare a 
very wide, sometimes irregnlar^shaped, area of kamneite with only a 
mere su^stion of taenitc around it. In fact these octahedrite and 
hex ahed rite groups reach a point where there b little difference be¬ 
tween them. 

Tlic relationship between composition and structure is rather sim¬ 
ple to this point, but os structures of more and more octahedrites aro 
examined it is noticenblo tlmt increasing narrownosa or Qiiencss of 
tho kamacite bands does not always guarantee progressively higher 
nickel content. It is true that medium or narrow widths of tlie 
kamadte bands will always imply definitely higher nickel content 
than is found in the very coarse octahedrite stmetures, but occa¬ 
sionally it is impossible to pretlict definitely which of two rather 
similar octahedrite stmcluros will have the higher percentage of 
nickel. Consequently there is good reason to believe that another 
factor should be considered besides the rate at which a melt cools 
down, and that is the length of time it was held at a fixed tempera¬ 
ture, because this may have something to do with the fineness or 
coarseness of octalualrite structures. In the Inboratory it is difficult 
to retain for a long time a prepared nickel-iron mix at a temperature 
where the metal is a soUd but still at a temperature Bufficieiitly idgh 
for the molecules of those two alloys, kamacite and taenite, to migrate 
and segregate from each other. 

Quick freeaung can create a structure of thin areas of komoeitc 
separated by taenite. When the meteorite freezes before the taenite 
can collect together—or, to express it differently, liefore the kamacite 
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can espel the taenite—thin lath areas nf kamacite shauld bo produced. 
Such a pattern is known as a fine octahedrlte. The rate of cooling is 
important and may ho responsible for many strncturea in iron 
meteorites. 


Tasix 2. — Comp9titl6ti of eciakfiritet 
(E. t’. BeaacBBO!*, anatj/it) 
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Although it is impossible to define exactly the boundary between 
beiahedritea and octahedrites, $t is obvious that the two tables indicate 
the approximate position of this boundary. The accuracy with which 
nickel and especially cobalt can be determined is limited by certain 
sources of error; hence it is increasingly difEcult to fix boundaries for 
the chemical composition of either of these groups. The behavior of 
cobalt and nickel is practically identical in thasic alloys, and in discuss¬ 
ing the compositions of these groups, therefore, the cobalt and nickel 
together are considered as a unit. 

There are (Wtahedrites that have large areas of kamacile separated 
from adjoining areas of the same alloy by only a fine line. Careful 
seardi along these boundaries usually will detect some taenite; but as 
the compositions approach the limits of solubility for cobalt and nickel 
in iron at the different temperatures, a time comes when there will be. 
formed only a trace of taenite, which can be very easily overlooked. 
Thin, discontinuous plates of taenite were found in the El Burro 
specimen, and none at all in the Mount Joy and Sandia litountaLDs 
specimen. Hence the composition of these three meteorites is near 
the border line between the oetahedrite and hexnhedrite groups. 

A simplified equilibrium diagram of the iron-nickel syatem given 
by E. A, Owen and A. H. Sully * traces the composition and tem¬ 
perature range for the boundary of kamacite (hexahedrite) and kama- 
cite-taenite (oetahedrite) structures. It shows (fig. 1) tJjat at 400* C. 
kamscite contains its mssimum nickel content, or slightly over 6 
percent; at 300* C. tbs solubility had decreased to 5 percent nickel. 


* Vha. Ui«. Lbil Jcurn. Sel.. Tct, ST. So. 184, p. «<. tMO. 
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In figure Ij the location of the line AB, Bepatating the a phase, 
kamacite, and the n+y phase, kamacite and taenite, rather dearly 
defines the chemical compositions for the t'wo groups given in tables 
I and 2.. Since the conditions of heating and rate of cooling of me¬ 
teorites are not understood, they cannot be used to modify tl)e nickel- 
iron diagram prepared under a controlled environment. However, 
their oompOisitiotia and structures should he consistent with the com¬ 
positions of their respective fields on the phase diagram. 



Frenu l.~Faal]ltirtiini diagram ot Jran-hirkel ar^tem Iwlow lOOO* CL Ccmtioal- 
tloa ezpnsscd oa ttoriaoatai Hoc U tlie percentage at alekel In tno. 

—Ataxites lack the precise structural patterns of either 
hezahed rites or octahedrites« Perhaps some day this group, which 
varies widely in its nickel content, will be simplified; however, at the 
present time into this dass fall all the irons that cannot readily be 
classified as belonging to cither of the other classes. It is significant 
that the cobalt-nickel content for some atazites closely parallels that 
of hexahedntes. In certain other atazites there is a vestige of octa- 
kedrite pattern and also a chemical composition that lies within the 
range for octahedrites. In addition to the above tiiere are several 
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nlc^d-rlch at^xites in which die Eichel content is much higher than 
that of any octahedrite (see tables 2 and 3). 

The same geDerai compounds of iron, nickel, etc., that occur in the 
other groups are present in ataxites. The teenite is more abundant 
in ataicitea, and there h reason to beliere that the nickel content of 
the taenite is higher than in tliat found in octahedrites* Following 
the line AC on figure 1 from higher temperaturcs^ to lower, we note 
that as the melt cools the portion of the line is shifted toward an 
increasing nickel content. Investigation may show that taeniie in 
the same meteorite varies in composition. 

Studies of ataxites have not as yet progressed to the point where 
all the structures can be accounted for* The logical approach to an 
understanding of ataxites is through more complete investigation of 
the features of both hexaliedritcs and ocLahcdritcs. 

Only those ataxites rich in nickel were mcluded in table 3. Kickcl- 
poor varieties, with a composition similar to that of hexahedrites or 
coarse octahedrites, exist, but the majority of published analyses of 
ataxites indicate that their cobalt and nickel content falls within tl^e 
higher limits of composition of the finest octahedrites and extends even 
beyond this range* 

TifiiJt 3 .—CompQidtion hiffh-nhJc^l 
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Because most of the analyses on nickel-rich ataxites are very old 
and the cobalt and nickel contents may not be very accurately deter¬ 
mined, a more complete table of this doss was not attempted. Three 
of the eight meteorites listed in this group, namely, Nonlheim, Tawal¬ 
lah, and Freda, have a slightly developed octahedral structure. In 
both the Ta wail ah and Freda descriptions, mention is made of a fine- 
gramed acicnlar ground mass through which occur indusiona of 
kamacite. In each case kamacite is surrounded by areas which are 
largely taeniie and whidi appear bright jn the pnhlished photomicro¬ 
graphs because taenite is resistant to the etching reagents used* This 
arrangenient is explained by assuming that the kamacite separated 
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out from the ground mass surroundiug Uie area, leaving the taenite 
segregated; hence, localized areas of kamacite and taeni te occur. 

STONY METEORITES 

The metallb inclusions in stony meteorites will be only briefly dis¬ 
cussed. The principal point to be brought out is the similarity in 
range of chemical composition of the iron in stony [oeteorites and in 
iron meteorites. The composition of the metal in stony meteorites of 
the chondritic group seems to eliange as the proportion of the metal 
(o the silicates varies. When there is an abundance of metal, its 
cobalt-nickel content is usually relatively small; like wise when only a 
few metallic inclusions occur they are usually very rich in cobalt and 
nickeU 
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Several autliors have called attentiod to this fact and other tables 
have been published/ Au independcDt check was tnadc of tbb point 
bj select Ing at random a limited number of well-studied chondritic 
meteorites and arranging them in a eeries starting with the specimen 
having the highest index ratio to determine whether some correlatian 
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would be found. It so happened that the highest index ratio in the 
group selected corresponded to the index value of the octahednte 
group. 

The manner in which the iron oocura in tliese stony meteorites 
must be carried id mind by tlie reader in order to appreciate the prob¬ 
lem presented. The iron is generally localized into small, irregular- 
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Fmtjiua S,—A fmpliilc reprtflentiitlotl of thQ cfnnpoaJtlon aad pewntage of metal 
Ln tbe stoaj UMed In table 4 

5 }iaped inclusions. It is usually located between the silicate minerals 
und not included within thfim. How the iron formed and the se- 
f|uence of its formation with relationship to the other minerals arc 
juiportant problems awaiting solution. 

The cobalt-nickel to iron ratio shows that in solid iron meteorites 
a rather continuous series exists, Tliis indo^ ratio ranges from 10,+ 
in the case of hexahedrites dowm to 3,+ in the ataxileSf and there is 
little question but that the atasitje ratios could be extended even 
lower* 

The last column in table 4 gives the percentage of inetal present in 
the specimeiLSf and on esamination of tlio last two columns Indicates 
that some sort of correlation does exist. Just why there sliould be any 
relationslup betw^een the composition of the iron and its abundance 
in a meteorite of tliis type is very difficult to explain, 

Tlie true relationship between the last two columns in table 4 is 
best seen when these values are plotted. In figure 2 the vertical 
component corresponds to the index ratio and the horizontal com- 
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ponont to the pertontufie of iron in the meteorite. The points on the 
graph represent the epeciQc meteorites listed in table 4. There is a 
grouping of points in the lower left-hand portion of the graph. 
Points Ch,* * So, and En are rather well grouped, as are also points 
La, Te, Lu, and Pe; the other seven are so widely dispersed that it is 
useless to attempt a serious discussion of a curve based on these data. 
A straight-line relationship would not necessarily be expected in 
plotting values on this graph, and a curve drawn at some later time 
when more data are available would probably be found to flatten 
out toward the right-band side of the figuia. 

It is evident that this series of stony meteorites offers little proof 
of any progrOE^tve increase in the percentage of nickel in the iron 
as the quantity of iron decreases in the meteorite. Table 4, however, 
shows some of the ranges of Indices of the different types of irons 
and indicates that in the metal of stony meteorites an even greater 
range in the cobalt-nickel to iron ratio exists. 

Before leaving the idea of tlie correlation between abundance of 
metal in a stony meteorite and its cobnlt-nickel content, mention 
abould be made of a further suggestion, namely, that as the cobalt- 
nickel to iron ratio gels lower there is a related progressive change 
in the ratios of FcOiMgO in the silicates. Tim Soko Banja and 
Chicora meteorites contain a very small percentage of metal, but 
what is present is exceedingly rich in cobalt and nickel—hence the 
ratio index is rather low. The bulk of the silicates in each of these 
meteoHtes is olivine and pyroxene, and both of these silicates are 
rich in FeO- Again many meteorites have been found to contain con¬ 
siderable percentages of metallic inclusions in contact mth the 
magnesium silicate eustatite, which has been found to be about the 
purest enstatite known—almost without a trace of iron. 

From what can be observed by examining sections of stony meteor* 
ites, it is dlfbcult to see how there could be any relationship between 
the compcfiiition of the metallic portions and t!ie composition of 
the silicate minerals. Judging from the pliysteal relationship of 
the iron to the other minerals present, it would appear that the metal 
solidified later than the silicate minerals. A chondrule is diown in 
plate 6 completely surrounded by a ring of metal, and such features 
as these are not uncommon. Merrill * called attention to the thread¬ 
like fonra of iron penetrating silicates, and it is difficult to see how 
these delicate threads could enter a silicate mineral unless the iron 
solidified in the fractures of previously formed minernls. 

A convincing array of evidence can be offered to show that chon- 
cltitle meteorites are tuffs—that is, they represent a type of rock 

^Tbo am twa leiiert of thE mEtecrlte anmcfl m ti«ed to tb^ jiMUlob tbi 

rmph* 

* Ptk, tl. Njt, iJd,, Tftl, 73, *it- 
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tnechanic&lly brought together; hence, the verious components of 
BUirh stones ar© associated purely by chance- Thin sections of chon^ 
dritic meteorites show some complete diondrules, but usually there 
are a great number of fragments of chondrulcs present. The frag¬ 
mental nature of this doss of meteorites is a conspicuous feature. 
Foehag* stated: “The agglomeratk nature of chondritic meteorites 
leaves little doubt tbat tliey are volcanic tuffs” Since in many stones 
the iron occurs enclosing chondrules or penetrating the minute 
fractures of silicate minerals it is logical to assume that it was 
deposited after the fragmental silicate material was partially con¬ 
solidated. Willi such good anil abundant evidence suggesting that 
the silicate materials were medmuically brought togetlifir, and that 
iron was introduced after the silicates had formed, it is impossible 
to understand why any relationship should esist between the com¬ 
position of the iron and its abundance in a meteorite. 

A few studies have been made upon the etch patterns of the iron in 
stony meteorites, and these studies indicate that all the features found 
in the iron of iron meteorites are also present in the iron of stony 
meteorites. There is no question but that some of the metallic in- 
elusions in these stones are esceptionaliy rich in nickel—above tlie 
range found m the iron meteorites—hence it is to be ex{>ected that a few 
unusual etch patterns may be found. 

CONCLUSION 

The purpose of this discussion has been to show tliat some progress 
is being made in relating the various phenomena observed in tho study 
of meteorites, although some of the most conspicuous featmes are still 
but imiierfcctly understood. The description of stony meteorites is 
very difficult, and often a pubUsiied account is so geneml that it is im¬ 
possible properly to classify the specimen or to correlate it witii other 
meteorites. The study of meteorites is only just beginniug, and the 
system of classification is still in the formative stage. It is unfor¬ 
tunate that the interest of many persona in these objects is merely tliat 
of the collector ill potsscssing something estremely iiire, when so many 
interesting problems await the attention of ambitious sludents. 


* Am*r. UlacMl. voL 24. p. 137. INI, 
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PHILIPPINE TEKTITES AND THE TEKTITE PROBLEM IN 

GENERAL* 


By IL Otmy 
D^parimmi Of 

UfiiverMity 0/ the Phitippi^m, Manila 


One of several things for which the Philippines are remarkable is 
the presence in the Islands of the world’s largest known deposit of 
tektites. The term *'tektite” was adopted in 1900 by Prof, Frans E. 
Suess, of Vienna, as a general name for a curious group of natural 
glasses which have come to be widely regarded as of cossme or extra- 
earthlv origin. In recent times it has become apparent tliat these 
bodies did not fall singly or sporadically, but that great showers of 
tiiem fell up<*n certain parts of the earth at widely separated geologic 
periods, A small deposit has been found in the Ivory Coast region of 
Vest Africa that is believed to date as far back as Mesozoic times; the 
Itloldavitcs, or European tektites, date from the Helvetian strata of 
the mid-Mioccne; the whole group of Far Eastern tektites, or Indo- 
Malaysianites, are undoubtedly mid-Pleistocene j while the Austra- 
lites, or tektites of Australia and Tasmania, are believed to be post- 
Pleistoccnc or recent. These four major geologic groups of tektites 
(til differ from one another to some extent in physical appearance, 
chemical composition, and specific gravity, but all possess certain com- 
mon differences from other earthly rocks which have led them to be 
together as genuine tektites, of unknown but probably cosmic 

origin. 

Most if not all true tektites appear to have been originally of the 
natural shapes that w ould be assumed by molten glass revolving in the 
atmosphere or any similar gaseous medium, i, e., spheroids, disks, or 
oval, cylindrical, dumbbell-shaped, and pointed, drop-shaped bodies, 
some later broken or exploded into fragments of various sizes. This 
fact, together with their anomalous chemical composition, and the 
further fact of their being found frequently in wholly non volcanic re¬ 
gions, have been the chief reasons for adopting the cosmic hypothesis 
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in ^king a rea^nnble explnnation of thcit crigiiii Th^ Au^ralite 
gtoiip uf tektita^ adds still further probability to the cosmic theory fay 
showing a partial re-fusing of the original glass sphere, a part of 
which lias flowed backward and aolldifled into a more or less flat¬ 
tened ring or bandj giving to the whole specimen a peculiar buttonUfce 
appearance^ in the typical forms. In many other the re-fused 
material has been completely swept away in flight, leaTing only a 
small sliaqi-edged or lens-^aiwl remnant of the original tektite 
si>here. 

The Philippine tektites nil belong to the general Indo-Mahijsianite 
group, of mid-PIelstocene origin; this group coutains also the tektites 
found in Indo-Chma, Borneo, and the Island of Java. While present¬ 
ing groat uniformity in composition, and in color, specific gravity, and 
orher properties of the gla^^ itself, the Indo-Malaysianites of dif¬ 
ferent geographic areas present certain characteristic differences in 
shape, surface markings, flow-lines, and the degree of viscosity of the 
original material, which have led to their being divided into four 
major and sc vend minor subgroups of more or less distinctive and 
well-defined character. Tito four major subgroups arej 

1. lndQchiniff^$ (ari^nDlly mont v|«coiii^ witii stretcbed bahliSe sectSoaa, and 
with beta HtraJ^iit und earvGU pointed drofrs:, and IrrepnJar frogtaenta 
an tlie nuMt ctuLractcrlatlc forms;, fiphf;r<ilda being rare), 

2: |?r4olif«i (pitted spberoldff, ova and c^lladrlcal fonns belna moKt thaf- 
RCtet-ieUc, lulDtuiedlate vlscoilry)+ 

a. liiUiionfi^t nad (with deeply alcted BpboroldiS, cylLndera^ 

IIad lETejmlar ptoetw, sbowhia worm-track groovea and eldvoI^ as the 
cbamcrerlaticfciniis;; medium vtEco^tj}. 

4l Jtivfi (leofit vJiicouB?. with eoniplJcfitod Row^Idca mildly 

bat clonrly etched ont tm relatlyeTy smooth aurfacea and with aphemldnl 
and Irre^?i3!flr or fmgmeutftry forms as the most characterlstlp). 

The most typical ludochinite apeclmens occur m South China and 
northern and! central Indo-China^ although they arc found also, 
sparsely, in Luzon (particularly in the EizabBulakan area, where they 
are miJced with much larger numbers of Rizaiites and a few BiUitonite 
and nfalaysianjte type^}. 

Th^ most typical Riaalites occur only in Luzon, although a few 
similar, pitted specimens are known from Borneo and Java. 

The Billitonitc and ^lalaysianite tjpea, although least in number, 
cover the greatest area, being found in parts of southwestern Lu^on, 
the Island of Biisuanga iti tha west-central Philippines, Borneo, the 
Natuna Ardiipelago, Sfmtliem Indo-China (eqjecially Cambodia), the 
Malay Peninsula, and the Island of Billiton. The original Billitonites 
(first found in the tin mines of Billiton Island) show characteristic 
wojTn-track grooves and navels, with relatively smooth stirfaces be¬ 
tween such markings, while the true Malaysianites tend to show ir¬ 
regular and heavily etched surfaces with the irregular pits and other 
markings often running together more or less oontinuously, ag seen 
most typically in many Cambodian and Busuanga tektites 
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The most typica^l Java tektites are found only in central Java, but 
a feTV very sitailar specimens occur in the Philippines (particularly in 
tlie Santa Mesa district of BizaL Pi'ovmco)* 

The largest known wliolo tektites occur in southeastern Luzon^ in 
tlie Pamcale district of the Bikol Peninsula^ while those of Indo- 
China rank next, and the Malaysian ites probably tliird. The great 
Bikol tektites may be truly called “super-sized,*^ since most of them 
are large, and small spcciniens comparatively scarce. The largest 
found so far weighs 1,010 g., and la an almost perfect sphere a Uttle 
over 4 inches in diameter, but mono than a hundred Bikol specimens 
running from 200 to 700 g. each have so far been found. The largest 
recorded w^hole Indo-Chiim specimen ia from Cambodia, and weighs 
630 g,, while the largest known Malayaianitc is believed to have come 
from Pahang and weighs 4M g. Only a few other specimens weigh¬ 
ing 300 g. or more are known, all of them having come from the Indo- 
Malaysianite region, most of them being from Indo-Cinna and the 
Philippines, with one each from Java and tlie Malay Pefiiiisula- 
The average for this region, however, is between only 15 and 20 g. 
The largiist Aastralite has tlio exceptional weight of 21Sg^, since the 
Australitea are the smallest of all tektites, averaging only about 1 g. 
each or less, Tektitea from other regions are intermediate, but no 
recorded specimen reaches 150 g. in weight 
However, whot was originally probiibly the most gigantic of all 
tektites is again recorded from Iiido-China, Tliis is the famous 
specimen of Lower Laos, of which several thousand in^gular frag¬ 
ments have so far been gathered within a relatively small area. The 
largest piece wcighs more tlian 3 kg,, while many of the smaller ones 
weigh onl}'' a few grams each. The evidence to date seems to indicate 
that all of these pieces are parts of a single huge tektite, perhaps half 
a meter in diameter, and weighing nearly 100 kg. One of the most 
interesting things about these finds is Uiat no other small whole 
tektites have been found anywhere near the same region; this fact 
lends force to the cosmic theory, since any shower of smaller bodies 
accompanying this great cosmic bomb would have tended to fall far 
behind in the course of its flight through the earth*s atinnspherc. 

'^Thifl brings us back again to the various theories accounting for 
the origin of the tektite glass itself. Many such tlieoriea have been 
propounded in the past, but most of them have been demolished by 
the extensive and often bitter criticism to which they have been ^iub- 
Jected. A few theories, however, have withstood much critical dis- 
cussion and are still worthy of serious considerattont although no 
single theory has yet received universal or wide acceptance among a 
majority of those interested in tlie major tektite problem and its 
solution. T shall conclude this paper by summarizing, first, the 
essential features of three views that are still being seriously can- 
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sidered and shall tlien present a new hjpotl^s that has recently 
been worked out on the basis of Philippine material and that seems to 
present certain features which will doubtless provoke much interest¬ 
ing discussion and may even add a new chapter to tektite history. 

First, although no one lias yet ever been able to present acceptable 
proof of the volcanic or other earthly origin of the tektite glosses, 
there is still an appreciable number of students of this question who 
believe that such an earthly origin will some day be demonstrated; 
therefore, this possibility should not be disregarded, although major¬ 
ity opinion is today decidedly against it. 

Second, Ihe view known as *‘the burning light-metnl meteorite 
theory” (a theory developed in its various stages by Goldschmidt, 
Michel, Lacroix, and Suess) is still regarded by many capable in¬ 
vestigators as the most acceptable explanation of tektite origin yet 
presented. In brief, this view is based on the generally accepted idea 
that the great seasonal meteoric sliowers which so frequently visit the 
earth's atmosphere, and arc mostly wholly consumed in the upper air, 
consist in the main of the light tnctnllic elements which oxidize at 
normal or relatively low temperatures It is generaDj believed that 
a considerable amount of hnety divided silica or siliceous matter is 
shed from such showers, probably reaching the earth usually os a fine 
powder or dust. Tins tektite theory presupposes tliat the earth has 
occasionally passed through abnormally thick clouds of such matter— 
such Ds, e. g., those which are commonly believed to fonn the tails 
of some comets, etc.—and that at such times the quantity of siliceous 
matter shed would be sufficient to form sizable globules of liquid 
glass, falling to the earth in solidified form as a tektiio shower. 
{The principal objection to this view, in the mind of the present 
writer, is the difficulty of explaining the secondaty re-fusing of the 
Ausfralites and the absence of such secondary forms in the Indo- 
Malaysianites, since the glass of both types is of practically identical 
composition, color, and specific gravity. Van der Teen, however, 
has suggested that this difference was due to the more fluid nature 
of the Au-Stralite glass, while the Indo-Matayslanites were more 
viscous. The increasing viscosity of the Indo-Malajgianite gla;^, 
from Java northwestward to South China, seems to support Tan der 
Teen’s view.) 

Third, Spencer's ^‘meteorite explosion-crater” theory, while re¬ 
garded as unacceptable by n majority of tektite students, is, in my 
opinion, still to be considered as a possible clue to the origin of many 
important varieties of pseudo tektites, etc., such as the silica glasses, 
Darwin glass, the Amcricanites, the Philippine pseudo Americanites 
of Santa Mesa and vicinity, the Claveria pseudo tektite?, and pos¬ 
sibly even the European Moldavitea. The essentials of this view are, 
briefly: Quantities of silica glass of several types have been found 
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Aroiuid £.ncli great known meteorite craters as th^?se of Arizona, 
Wabar, Henbury, etc., find are believed to have been produced by the 
ftiEing of earthly rocks and sands by the terrific heat resulting from 
the explosive impact of the huge meteorites which produced such 
craters. An explosion great enough to produce a crater a mile or 
more in diameter would doubtless throw molten silica and other fused 
material a vast distance into ttie air, and auch material would tend 
to assume the geometric forms common to glass drops, hardening as 
it fell back toward the earth. At the time of first propounding this 
view, in lflS3, Spencer felt that the origin of tektites might be thus 
explained, but in his more recent writing he admits the diRieulty of 
explaining the widespread Australites and Tndo-Mniaysianites on 
such grounds. The cliicf argument in favor of this view of tektito 
origin is that the coniposition of tektites approaches that of some 
earthly clays, but one would need to presuppose teraperatutes much 
higher and craters much vaster than any yet known on the earth. 
(However, we must await more detailed study of the great lunar 
craters, now coming to be regarded as mainly meteoritic m origin, 
and consider also the poasibility that such great craters may have been 
destroyed or largely covered by erosion and vegetational growth 
on the earth,) 

The present writer has expiv^d no i>ersonal opinion in fAvoc of 
any of these theories of tektite origin, but has attempted merely to 
point out from time to time some of the arguments against or in 
favor of each of the views. The altitude will be preserved as 
regards the new Rufna hypoth^is presented herewith, 

AN ASTKONOSIICAL TIIEORY OP 1:T?:ST1TE3 

Under this title Prof. W. Carl Kufut, of the Observatory and 
Astronomical Dei>artnient of the University of Michigan, has pre¬ 
sented to the writer a new explanation for the origin of tektites which 
was published m anotlicr paper* For the present, I wish only, 
then, briefly to summarize the e^ntials of his theory here, and to 
advance a few short arguments for and against it The e^ittiak 
of the theory follow: 

Tlie small natural-glass bodies known a^ tektites were originally de* 
rived in major part from the glassy basalt, or taehylyte, which forms 
the deeper crustal layer of the earth, expo.^ chiefly on the floor of the 
Pacific basin, at the time of the fissional separation of the moon. 
Furthermore, the earthly tektites represent only a small section of the 
vast swarms of tiny satellites which remained t^volving about the 
earth witliin the Roche limit and particularly that section of the 
satellites having a rcvolutional period closely coinciding with the 
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period of the entih's rotation^ Such swarms would have remained 
approximately above the Paciho basin^ but would have graduallj 
fallen behind and tended to be drawn to the earth on account of per¬ 
turbations resulting from the giadual retardation of the moon^ 
Cumulative perturbations and other related factors have caused 
swarms of tliese bodies to come down to the earth at widely separated 
geologic periods in the earth’s histoiy, such falk having been par¬ 
ticularly extensive along a great-circle route crowing the western 
edge of the Pacific basiin This condition would account for the 
great quantity and wide distribution of the Indo-Malaysian tettites 
especiaUy, which are of almost identical chemical composition, while 
other showers of tektites came at different geologic periods and varied 
somewhat in composition and physical appearance. 

’Wliile final critical appraisal of the tlieory must come from others 
belter grounded in astrononilcal and geoiihysical knowledge than the 
present writer, there are certain implications of tliis new hypothesis 
that may well be pointed out* First, negatively, the well-known 
chemical difference's between tlie true tektites and known earthly 
rocks have not yet been satisfactorUj accounted for. It is truei per¬ 
haps that there arc very few analy^s of deep-seated glassy basalts 
available in our literature, and that this fact might account for the 
principal difference observed lietwceu the tektite cliemicftl pat tern and 
that of the more widely known surface rocks (either plutonic or vol¬ 
canic). In particular the dominance of potash over soda in the tektites 
is outstanding, and is accompanied usually by a predominance of 
terrous oxide. This condition is just the opposite of that of most 
known earthly rocks and glasses, and it is obvious that further evidence 
IB needed here* 

It should be noted, however, that the foreging objection applies with 
equal force to all other proposed tekti te theories, except the generalized 
cosmic hypothesis. On the other hand, the Hufua theory explains or 
lends important support to a number of other views hitherto regarded 
as not altogether acceptable in their entirety; e. g., Fermer’a views as 
to the origin of the secondary forms of the Australitee fit in very well 
wdth the Eufiis tlieory; in fact the Australites furnish probably the 
best support for the new theory, although they almost certainlv repre¬ 
sent a different sliower from that which gave us the Indo-Malaysian 
tektites. Tlie larger and heavier Itido-Malayaian tektites woiild have 
been drawn down at an earlier period than the smaller and lighter 
Australites, although the glassy substance of which tNjth are formed 
is of almost identical chetnica! comporitiom 

Post experience has showm that it is easier to demolish tektite theories 
thon to find substantial support for any one of thenv Professor 
Rufus has thus been rightly cautious in presenting his new explana* 
tion, and in welcoming expected criticism and discussion. It is 
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hoped that constructive criticism by quail Ged contemporaries may 
soon demonstrate whether or not this latest e^vplanation of tektite 
origin can stand the test and take its place among the few most ac¬ 
ceptable theories accounting for these strange bodies. 

POSITION OF THE PHILIPPINKS IN RELATION TO TEKTITE STUDIED 

Up to lost year, the present writer and Dr. Siguel Selga^ of 
the Weather Bureau, were the only local Etudenta to take a EerioUE in¬ 
terest in tektite studies, but, since the middle of 1938j Mr^ J. Van 
Eck, of the Margin an staff in Paracale, has been making some very 
interesling observations on Uie physical history and characteristics 
of the Bikol tektites. A monograph by the wTiter, covering the re¬ 
sults of some 12 yeaiV active study and collecting of Phulippino 
tcktiicS] since tlie first specimen was found in 1926 in a Riaal Province 
archeological rite, will be ready rimrtly for publication* However, 
in view of the unique opportunity that the Philippines present for 
the study of the richest known deposits of tektites in their natural 
environment, it is to be hoped that other local scientists may soon ta^ke 
a greater interest in this subject; and it h with die hope of stimu¬ 
lating fiuch interest that I am pre^nting the present outline of the 
subject at this meeting and to the Philippine National Research 
Council. 
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CHEMICAL PEOPERTIES OF VIRtfSES* 


By w. M. STAKixt 

/>e|KW(in«»f of Aniwial nnJ Fltinl Pathoi^sni 
RockfteUer Inflifultf for jredli»l JZe*ecneft, JYiiMWio*, S. J, 


[Wlib 0 piitc*] 

Six years ago over a huadiied viruses were recognized, yet it would 
have been virtually impossible to write then on the prasent subject, 
for at that time practically nothing was known about the chemical 
properties of viruses. These agents, which are responsible for untold 
mUliona of illnesses and deatlis amongst jjeople, animals, and plants, 
were recognized only by means of die diseases which they caused, 
diseases such as smallpox, parrot fever, yellow fever, St. Ijouis en- 
cepluklitis, poliomyelitis, horse encephalomyelitis, foot-and-moutli 
disease of cattle, louping ill of sheep, hog cholera, rabies, dog distem¬ 
per, fowl pox, certain types of tumorous growths in fowls and other 
animals, Jaundice of silkworms, and various yellows and mo^C dis¬ 
eases of plants. The general nature of the agents responsible for 
such diseases was a matter of much conjecture. When placed in 
certain living cells, these agents could multipJ}*, niutate or undergo 
variation to form new strains, and induce immunity. They seemed 
to have many of the properties of very small living oigoniams such 
as the bacteria; yet, unlike most bacteria, they were too smoR to be 
seen by means of the ortlinary microscope and could not be induced 
to multiply in the absence of living cells. They were mysterious, 
in visible scauethings which, in the absence of living cells, appeared 
as harmless and as lifeless os pebbles cm the beach, but which, even 
after years of inactivity, were ready to spring into action and cause 
disease and death when introduced by chance or by design into cer¬ 
tain living cells. By virtue of tlieir ability to mutate or form variants, 
they wore able to change and adapt tliemselves to new surroundings 
and conditions and thus not only to retain but to enlarge their place 
in a changing world. The fact that tlie viruses were recognized only 
by means of the diseases which they caused and the fact that these 
digf>»L<tyjB were becoming of increasing importance only served to add 
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to the mantle of mystery which surroiinded then> and to mtensify the 
challenj^e which they presented. 

In 1935 a tangible characteristic material posseting Tints activity 
wus i^iated from Turkish tobacco plants diseased witJi tobacco nrosaic 
virus and made available for chemicai study. The matcrialp which 
appeared to be a nuolcoprotein nf eiiorjnous aisw possessing quite dis- 
tinctive properties, was obtained from every lot of dUeas^ Turkish 
tobacco plants examined. The same material was obtained from vari* 
ous, in some instances unrelated, species, of mosaic-diseased plants. 
Slightly different, although closely related, nucleoproteins were iso¬ 
lated from plants diseased with strains of tobacco mosaic virus* The 
purified preparations possessed properties w'hich we^e characteristic, 
not of the hosts in which they were produced, but of the virus or virus 
strain. An unexpected finding was tliat mosaic-diseased Turkish 
tobacco plants may contain as much as 1 part per 500 of the high 
molecular weight nuclcoprotein. The amount of material isolable 
varied in other cases and app^iorcd to depend upon the host and the 
strain of the vims^ and in some instances was only a small fraction 
of the amount obtainable from mosaic-diseased Turkic tobacco 
plants. To date all attempts to separate tobacco mosaic virus activity 
from the nucleoprotein have faded and the material, which can be 
obtained in the form of long thin paracrystallina needles (pi, 1, fig, 1), 
has come to be regarded os crystalline tobacco mosaic virus. The 
material provided the first infomiation regarding the genera] nature 
and chemical makeup of this virus and, alihough its exact nature was 
and remains a debatable matter^ its isolation removed some of the 
mystery surrounding the general nature of lirusea and served as an 
incentive for the search for similar materials in the case of other virus 
diseases 

The isolation of crystalline tobacco mosaic vims was followed by 
the preparation from various viriuf-diseased tissues of over 20 cryg- 
lalline or amorphous materials possessing some of tlio properties of 
the respective viriistos or virus strains* In not every case ha^ it been 
proved that the material Lg essentially pure and consists of vinis* 
However, in several co^es it has been proved beyond a reasonable 
doubt that the material consist of the respective ’ll ruses in an essen¬ 
tially pure state, find in no instam e has virus activity been obtained 
in the absence of the characteristic material. Owing clueSy to our 
older ideas of the nature of viruses, the crystallinity of some of tiie 
purified preparation.^ may appear at first as a rather spectacular 
property; yet, if these materials are comsidered as proteins, crystallin¬ 
ity becomes an expected rather than an unexpected property, for 
many proteins are knoAvn to be crystallizabie. Careful and mature 
consideration will reveal that crystallinity or tlie lock of crystallinity 
is of no special importance in connection with the purity or general 
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nature of a material^ but is important cliiefly bccau^se it makes it 
possible to obtain oortain solubility and X-ray data which would 
otherwise be unobtainable. 

There is not sufficient apace for a detaikd discuseion of the 
chemical properties of all tlie preparations of purified viruses and, 
in order to provide yon with an idea of their general chemical 
properties, I shall devote most of the te3Ct to the two yimses which 
have been estensively investigated from this stand pointy namely, 
tobacco mosaic siid tomato budiy stunt vimses. These nre typical 
viruses with respect to the essential and recognized cbarflcieriEtica of 
a Tims; yet it must he admitted tbnt each has certain special prop¬ 
erties which mate it on unusually favorable material for erpeci- 
mental work. Thus, tobacco mosaic virus is among the most stable of 
all viruses and reaches a concentration in Turkish tobaoco plants 
which is far greater than that reached by most viruses in their re¬ 
spective hosts even under the most favorable conditions, and hu^by 
stunt is llie only virus that lia^ been obtained in the fomi of large 
rhombic dodecaliedric cry^ala (pi. 1, fig. 2). However, there vs no 
more reason for regarding these viruses as atypical because of such 
special properties than for regai*ding vaccine virus as atypical be¬ 
cause of its unusually large size, or foot-and-mouth disease virus as 
atypical because it is tiie smallest of nil viruses. Tobacco mosaic and 
bushy stunt are plant diseases, and It has been argued that the viruses 
of plants differ fundam^enially from those of animals and, hence, that 
information gleaned from studies on plant viruses has but Utile sig¬ 
nificance in connection with animal viruses. This argument was 
based chiefly on the failure of plant viruses to grow in animals and 
of animal viruses to grow in plants. However, because there is no 
difference in the fundamental vims properties, I have always con¬ 
sidered this to be an erroneous viewpoint- Within the past few 
years, Fukushi secured strong evidence that rice dwarf disease virus 
multiplies in its insect vector, and Kuiikel and more recently Black 
have obtained esperimeiitnl evidence which demonstrates beyond a 
reasonable doubt that aster yellows vinia can multiply in its msect 
vector* The growth of a plant virus in an animal provides further 
evidence in support of the conclusion tliat there is no fund amen tal 
difference between the viruses of plants and those of animals. Dif¬ 
ferent viruses must of necessity differ in certain of their properties, 
and a composite picture of viruses as n group will not be obtained 
until many viruses have been studied. 

Tobacco mosaic virus appears to be a conjugated protein oontaln- 
ing about 55 percent protein and 5 percent nucleic ncid- Ttiie latter 
has been found to contain uridylic acid, guanine, cytosine, and ade¬ 
nine, and to give a for a pentose but not for a deso^ypentose and, 
hence, appears to be of the yeast rather than of the thymus nucleic 
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acid type. Busliy ^tuiit Tints appears to contain about S3 percent 
protein and IT percent of a nucleic acid of the same kind as that 
found in tobacco mosaic Tobacco ring spot virus contfiina 40 

percent nucleic acid^ the higbest parcentitge yet found in n vims. This 
is also of the yeast niickic acid type* but the elementary bodies of 
vaccinia and of psittacosis have been found to give a test cbarmctoc- 
istic of tbymus nudeic acid. With tbo exception of a bacteriophage 
preparation obtained by Kalnmnson and Bronfenbrenner and con¬ 
sidered to be a Bimple protein, nil tbe purified vims preparations so 
far obtained have been at least os oomple^c as a nucleoprotem. This 
fact may eventually prove of prime importance, for it may be re- 
called that chromosomes appear to consist, almost exclusively of 
naclcoproteio^ Some viruses appear to contain in addition some car¬ 
bohydrate, others lipoid, and still others appear to be so complex 
that they may be inclistinguishablo from b^tcteria in composition. The 
distribution of amino acids in the protein component of tobacco mo¬ 
saic virus has been studied, and at present only the apparent absence 
of histidine and the lack of a preponderance of arginine and of 
other known basic amino acids are noteworthy. The complete amino 
acid distribution in strains of this virus and in other viruses has not 
been determined as yet, although micb studies are in progress and 
may provide a clue to the reason, for the Bp«>ci£eity of viruses and 
possibly a means for distinguishing not only between viruses but 
also between the strains of a virus. For example, with Dr. Knight 
it baa already been found tlmt tbe amounts of certain aromatic 
amino acids vary with the strain of the vims. Analysis of l£ prep¬ 
arations of tobacco mosaic vims indicated the presence of 3.8,4A, and 
6.0 percent of tyrosine, tryptophane, and phenylolaninet respcetively, 
with maximum deviationHof :^0.1 percent for tlie tyrosine and ^0i2 
percent for the tryptophane and phenylalanine values. Tlie corte- 
aponding values in the case of the Holmes ribgraas strain of tobacco 
mosaic viru$ were 6.4, 3.5, and 4.3 percent and 3.8, 1.4, and lO.a per¬ 
cent in the case of the closely related cucumber mosaic virus 4* These 
results are of conaiderabla importance, since they show' that the 
mutation of tobacco mosaic virus with the formation of a new 
strain which in turn causes a now disease may be accompanied by 
changes in the and no add composition of the virus. The fact that the 
phosphorus content of the different strains was approximately the 
some may be taken as an judkation of the absence of significant 
quantitative differences in the nucleic acid component of the strains. 
Because of the close similarity between Uie properties of viruses and 
those of the bearers of heredity, it is obvious that an extension of 
this work ^ould provide information of a fundamental nature 
regarding the structural changes involved in the mutation within 
chromosomes. The nature of the structural alterations which must 
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be responsible for changes in the virnlenoe of a virus may also be 
elucidated. 

Tobacco mosaic virus contains fiO percent carboE, 7 percent hy¬ 
drogen, 16 percent nitrogen^ 0.6 percent phosphoniSt a^d 0.2 percent 
cysteine sulfur. It lias an isoelectric point at pH 3.5, a deriBity of 
1.37, and at n concentration of about 2 mg* per cc, a sedimentation 
constant of 174 X10"“ cm. in unit centrifugal field and a diffusion 
constant of 3X10"* sq- cnu per sec. It has been estimated by indirect 
methods that the particles of the vims are remarkably an [^metrical 
and are about 400 m^ in length and about IS m^ in diameter. Re¬ 
cently, by direct observation by means of liie electron microscope, Dr. 
Anderson and I found tliat most of the particles in a dilute solution 
of the vitus are about 280 in length and about IS m>t in diameter 
(pi. 1, fig, 3). Several kinds of evidence mdicate that the molecular 
weight of tobacco mosaic virus is about 50 niUIlons. The value of 
IT millions, which was estimated several years ago w*hen the asym¬ 
metry was unknomi and which was based on on assumed asymnictry 
constant of U, is incorrect. However, it is possible tliat different 
Etrains of tobacco mosaic yirus may have different molecular weights, 
for the sedimentation constant of the aucuba mosaic etram is meas¬ 
urably larger tlian tliat of tobacco mosaic virus and the X-my data 
indicate that the molecules of the former hare the same diameter 
zis that of the molecules of tobacco mosaic vini$. Furtliermore, Metch¬ 
ers and coworkers, in a study by means of the electron microscope, 
found tlie molecules of liio two strains of tobacco mosaic rims with 
which they worked to bare partide lengtlis of about 190 and 
140 

Tobacco mosaic rirus gives a sharp boundary and migrates at a 
uniform rate in the TiscUtis clcctrophorcwk apparatus (pi 9, fig* 1}* 
Wlien carefully prcpEired, the virus gives a sharp boundary in the 
ultracentrifuge, but on Ireatment with salt at room temperature 
some of the partiefei appear to aggregate end-to-end to give a prep- 
araiton which shows two boundaries in tlie ultracentrifuge* Tlie 
second more rapidly eedimenting boundary is due apparently to a 
component formed by the end-to-end aggregation of pairs of mole¬ 
cules (pi 2, fig, 2). Further aggregation yields a very inbomoge' 
□eons product which t^hows a very broad boundary in the ultracon- 
trifuge. The eedimeotation constant of tobacco mosaic virus has 
been found to vary with the concentration, owing appnrently to inter- 
particle forces which become of considerable magnitude in conoen- 
trated solutions. Solutions of tobacco mo^ic virus exhibit strong 
double refraction of flow and electrical double refraction, the fonner 
being due to the rodlike shape of the particle and the latter to the 
particle being asymmetrically charged, eitlier permanently or a 
result of the electrical field (pL 2, fig. 3)* The fact that tobacco mosaic 
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Tirus shows strong double refraction of fiow may proire of conader- 
able importauoe in apparently unrelsted fields, for if necessary the 
virus could be prepared in pound lots or in larger amounts and used 
to study the flow currents in apparatus audi as pumps and hydraulic 
mms or the nature of the flow when boats or projectiles move 
through u liquid (pL 3, figs. I and 2). lloderiitely concentrated so* 
iutions of the virus, when allowed to stand, separate out into two 
distinct layers, tlie lower of which is spontaneously doubly refracting 
and the upi^er of whidi shows double refraetioa only when caused to 
flow^ Pellets of tlise virus obtained by idtracontrifugation are doubly 
refracting- The strains of tobacco mosaic virus and encumber mosaic 
3 and 4 viruses have properties somewhat similar to those just de¬ 
scribed- Latent mosaic TiruB of potato bos a rodlike shape and ap* 
pears to be even more asjTiiinetrical than tobacco mosaic virus. The 
layering phenomenon, the change in sedimentation constant with con¬ 
centration, and certain of Bernars X-ray studies, of Lauffer’a ob¬ 
servations on the electro-optical ellectj and of Frajnpton^s studies on 
the thixotropic character of tobacco mosaic virus indicate that in 
concentrated or moderately concenlrptod solutions Uierc are hiier- 
particlo forces which are effective over large distances^ Although 
in the past the exiatence of such long-range forces bus been denied 
for tlieoreticnl reasons, Langmuir and Levine iudependeutly have 
recently sliown that there arc in fact good theoretical grounds for 
their existence. The tlemonbitration of the existence of farces acting 
between molecules hundreds of A, units apail, and tlieir iiccepitanco 
from the standpoint of theory alone, may prove of great importanee 
in comiGclion with our theories of virus reproduction and other intra¬ 
cellular events such as the duplication of chromosomes, 

The carbon, hydrogen, and nitrogen contents of bushy stunt virus 
are about the same as those of tobacco mosaic virus. However, tlie 
phos|jhonis and sulfur contents of 1.5 and 0.4 to 0.3 percent, respec¬ 
tively, are considerably larger than thoiso of tobacco mosuuc virus. 
Bushy stunt virus bas a density of 1,35, a sedin^entiitlon constant of 
132X10-^, and a diffusion constant of 1.15 x 10"^ A molecular weight 
of about 8 million and a particle diameter of about 26 may bo cal¬ 
culated from these constantsp Solutions of bushy slurit vims do not 
show double refraction of flow and the pellets obtained on ultracen- 
trlfugation are isotropic. The particles of the virus appear to be 
easentially spherical in shape. The purified preparations are homo¬ 
geneous when Mainmed in the ultracentrifuge or the Tbelius electro¬ 
phoresis apparatus (pi, 3, fig, 3), Bushy stunt virus does not ap|>ear to 
be susceptible to the peculiar aggreg^ition which seems to be n chiirac- 
teristic of the rod-ahaped viruses and, unlike the latter, the sedimenta¬ 
tion constant is almost indepondent of the concentration. Several 
other viruses have been found to tw essentially spherical in shape. 
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Among these nre alfalfa mosaic virus, which has a molecular weight of 
about Si million and a diameter of about IG m^if and the Shops rabbit 
papilloma virus, with a molecular weight of about 25 miUion and a 
diameter of about 40 mft. The elementary bodies of vaccinia have a 
diameter of about 225 my*. There is, therefore, a group of rod-shaped 
viruses and a group of viruses which are essentially spherical in shape, 
although with the development of more precise techniques some of the 
latter may he found to be deliuitely ellipsoidal in sliape. It should be 
emphasized that each virus has a shape and a size wliich appear to be 
quite definite and choracteristic, regardless of the conditions or the 
host in which the vims is produced. However, neither this statement 
nor the statements relative to the homogeneity of virus preparations 
in the ultraccntrifuge or electrophoresis apparatus are meant to imply 
that all the particles in a given virus preparation are esact replicas. 
The fact that variants continually arise during the production of virus 
would always insure the presence in purified preparations of a small 
amount of closely related although slightly different particles. Tiiere 
is other evidence, such as that obtained by I/>ring in solubility studies 
on tobacco mosaic virus, which indicates that the purified virus prepa¬ 
rations are not absolutely homogeneous chemieally but consist of a 
family of very closely relatetl structures. The general situation may 
not be far different from that winch is now known to exist in the case 
of even very simple structures, such as sulfur, nitrogen, and hydro* 
gen, where families of isotopes are the rule rather tlmii the exception. 
In this connect ion, it may be stated that the problems and relation¬ 
ships which obtain with the tremendous vims structures are not well 
clarified at present- However, from a practical standpoint, there has 
been little difficulty as yet, for there are several instances In which, 
according to present techniques, there is a very high degree of chemical 
homogeneity, 

Tobacco mosaic, bushy stunt, and other viruses which liave been ob¬ 
tained in purified form arc good antigens. It is necessary, however, 
to inject animals with the viruses, for antibodies do not appear to be 
produced in plants, Tjiis may be due to the nature of plants for, 
despite much effort, no conclusive proof of the existence of antibodies 
in plants has been obtained, although Wallace secured some suggestive 
results with curly top virus. Tlie serum of a rabbit injected with 
tobacco mosaic viru.'? ^res a specific precipitate with tobacco mosaic 
virus and specifically neutralir,es tobacco mosaic vims activity. This 
reaction has been studied witli i>r. Anderson by means of the electron 
microscoi>e and the ultmcentrifugo, Hlection micrographs of a mix¬ 
ture of virus and normal rabbit serum show virus particles of normal 
size, indicating little or no adsorption of particles ftrom normal serum 
on the virus molecules (pi- 4, fig. 1). The sedimentation constant of 
tobacco mosaic virus is essentially unchanged in mixtures containing 
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norma] rabbit ^nim or antisera to bushy stunt, ring spot^ or latent 
mosaic Tiruses, iio'ivever, electron miorogi'mpha of a miitnre of to¬ 
bacco mosaic Tims and tobacco mosaic vims antiserum from rabbits 
show particles aboiit 00 m/* wide, ubout 300 m/i long and having fustsy 
profiles (pli 4* fig.^ 2)^ The increase in particle width and the fuzzy 
appearance are regarded as indiCiiting that the ends of asymmetrically 
shaped molecules from the scrum react specifically with the virus 
molecules. Jfo reaction between anti-tobacco mosaic virus serum and 
bnolty stunt virus was demonstrable either by means of the electron 
microscope or the ultracentrifoge (pL 5, fig, 1). Bushy stunt virus is, 
however, specifically precipitated hj its own antiserum {ph 5, fig. 2)* 
In general, a serolf^cal relationship may be demonstrated between 
different strains of the same virus, but not between different Ttruscs, 
However, Bawden and Piriehave fotind that a serological relationship 
exists between tobacco mosaic and cucumber mosaic 3 and 4 viruses. 
This fact and the fact that other properties of these viruses are very 
similar may indicate a common origin for these viruses^ Bawden and 
Pirie also noted that the precipitates of rod-shaped viruses with their 
antisera resembled those obtained with bacterial flagellar antigena, 
whereas those of the symmetrically shaped bushy stunt virus resembled 
those with somatic antigens. Tobacco m^aic virus has been found nol 
onaphylactogenic by the SchuHz-Dale technique and only weatly ana^ 
phylactogenic when tested in two* 

Viruses are inactmvted when subjected to eicessivo amounts of 
add, alkali, oxidising agents, formaldehyde, urea, ultraviolet light 
or heat* In general, the rate and the amount of the inactivation 
vary with the vims and with the severity of the treatment. Tobacco 
mosiac vims is stable between about pH S and pH S, At more 
acid nr more alkaline reactions the iiudeoprotem is denatured and 
broken up into matprial of low molecular weight, and the virus 
activity appears to be irreversibly lost. There is some evidence that 
the virus first breaks into fairly large pieces and these then continue 
to break up into progressively smaller pieces, but more data will be 
rcquin^l before an exact picture of the process may be obtained. 
The disintegration of vinis in urea provides another interesting 
process for study. In 6 M urea and 0.1 M phosphate Iniffer at pH T, 
tobacco mosaic virus is rapidly disrupted, with appearance of free 
snlfliydryl groups, into low molecular weight protein components 
which contain no nocleic acid, exhibit no double refraction of flow, 
are insoluble in dilute buffers, and possess no rims activity. Tbe rate 
of the disintegration varies widely witli the concentration of urea, the 
concentration of electrolyte, the type of electrolyte, the bydrogen^on 
concentration and the temperaturen. The bonds which hold the com¬ 
ponent parts of tbe virus together appear to be released and satis¬ 
fied by those of the urea, for the Tims structure literally flicfl apart. 
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It is obvious that studies on tliese split products should reveal m- 
fornvation concerning the nature af the components making up the 
virus and perhaps furnish a clue as to the mode of synthesb of the 
virus. Materials similar In structure to urea, ench as ^anidine, as 
well as apparently unrelated substances, such as sodium dodecyl 
sulfate, also causa'disintegration of the virus. Eiizymcs have been 
found to cause the break-up of ccrlain viruses. Neither tobacco mo¬ 
saic not busby Etunt virus is split by trypsin, but this enzyme causes 
the rapid hydrolysis of alfalfa mosaic virus. Tobacco mosaic virus 
appears to be digested slowly by pepsin, although the rate of hydroly¬ 
sis is much slower tiian might have been anticipatetl. All viruses 
appear to be denatured by beat, and the tcnipcrature at which de- 
naturation occurs depends upon the virus and to some e^ent upon 
conditions such as the Itydxogcn-ion concentration and the kind of 
salts presf^at. 

In the heat and othtr types of denaturatioii reactions that have 
just been described, there is a more or less complete disintegration of 
the virus structure and the products which are formed do not have 
the properties which characterized the intact vims. They are of 
low molecular weight, do not react senoloipcally with antiserum to 
virus, and do not induce the formation of antibodies which neutral¬ 
ize virnsi. It lias been found possible, however, to inactivate viruses 
without such a complete disintegration of gtructtire. When tobacco 
mosaic virus is treated with mild ojddizing agents, fonnnldehyde, 
nitrous acid, or ultraviolet light, the properties of the r^ltlng ma¬ 
terials are, with the esception of virus activity, very similar to those 
of the intact virus. For example, the size and shape ar® not meas¬ 
urably affected, the materials give a precipitin reaction with anti¬ 
serum to active virus, and, perhaps most important, the injection of 
the inactive materials gives rise to the production of antibodies 
which will siiecifically neutralize tobacco mosaic virus activity. It 
appears that these treatmenta cause no great change in the general 
topography of the virus structure, but bring about changes that are 
very small with respect to the structure as a whole but which are 
nevertheless sufficiently definite to cause the loss of virus activity, 
Tliis fact may be quite important in connection with efforts to pro¬ 
tect ourselves against tlie devastating effects of virus diseases. As 
you may Imow, in the three general methods of protection which 
are now employed, active virus plua immune serum, active virus 
usually of n strain that will cause a less severe disease, or inactivated 
virus is used to secure immunizatiDn, The second method is used 
extensively and successfully in the protection against smallpox, 
yellow fever, and certain other virus diseases, and the third methotl, 
which has proved less satisfactoiy, has been used with claims for 
success for many viruses euch as hog cholera, rinderpest, dog dis- 
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temper, influenza, and others. It U now being widely employed in 
the case of equine encephalomyelitis vims^ In the second method, 
the pr^uction of a strain which ‘will cause an innocuous diseo^ 
bat which will itmnunize against Tirulent strains is most important^ 
In the third method, the production of an inactivated virus which 
will, upon injection, immaniac against active virus is most important. 
It seems likely that many of the failures to achieve the latter result 
have been due to the use of methods of inactivation which cause too 
great a change in the structure of tlie vima. In our studies of the 
viruses which we have purified, we have found that tlie same pro¬ 
cedure which will inactivate a given virus without causing wide¬ 
spread Ic^ of structure and loss of characteristic antigenic proper¬ 
ties will causa the complete disintegration and loss of clutracteristio 
antigenic properties in another viru^:. It is obvious, therefore, that 
it is of extreme importance that viruses be obtained m purified form 
and studied so that for each virus a method may be evolved for in¬ 
activating the virus without destroying its immunizing potency. The 
change in structure that results in inactivation need not necessarily 
be very great, and it may even be reversible. For example, we have 
found tiiat the inactivotion resulting from the addition of fonnalde- 
hyde to tobacco inD«aic virus may be reversed and active virus once 
again prepared from the inactive material. The fact that this 
reaction may be reversed is some indication that a major change In 
s:tructure is not involved. 

Closely related to the general problem of inactivating viruses with 
the least possible change in structure are the studies on ways and means 
of producing the less virulent strains of a virus which are so important 
in connection with the second general method of immunization. So 
far, the production of less virulent sti^ms which have proved of great 
practical importance has been achieved by the simple expedient of 
passing the virus through another host. Thus, a strain of virus which 
will protect against amallpox may be obtained by infecting a calf with 
smallpox virus and reisolating the virus produced after several pa^ 
sages in calves. A useful stniiu of yellow fever virus was secured in 
a dmibt mauner by Theiler by passage through mouse bruins. The 
change in environment during the production of virus in the second 
host apparently mults in the pi-nduction or selection of a strain of 
virus which is much less virulent in the first host. Practically nothing 
is known os to why a less virulent strain is prepared or of the change 
in structure which must be involved. However, it does not appear un- 
reasonabte to expect that definite chemical reactions which result in a 
change in the structure of a given virus without causing inactivation 
will achieve the same result and yield strains of the virus, aome of 
which may cause a less virulent disease and be useful for immuniza- 
tion figauLst virulent strains. Leaves diseased with different strains 
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of tobacco mosaic virus are sho’wn in plate 6^ Some pnigress has been 
made in ^dies on methods for clianging tlie clienucal atracture of 
tobacco ttiOflsaic Tinis without causing a loss of vims activity. Dr» 
Arisen and I fonnd that tho sulfliydryl groups of tlie virus? can be 
abolished by reaction with iodine and the altered vims still retains its 
normal biological activity os shown by tlie number of lesions it causes 
on Nhotiam glutinasa plants and by the characteristic disease pro¬ 
duced in Turkish tobacco plants. Since the vims isolated from the 
Jfitter plants had the normal number of sulfiiydryl groups, the stTuc- 
tural change caused by iodine treatment was not perpetuated in sub¬ 
sequent generations of the vims^ Because of the possibility that the 
iodine-altered rirus might be i^uced to normal virus within the 
plant cells, other reactions of a less readily reversible natuio wero 
sought. Witli Dr. Miller it was denionstratcd that most of the amino 
groups of tobacco mosaic virm may be acetybitcd by means of ketene 
without causing a measurable change in the specific virus activity or 
in the nature of the disease produced in Turkiali tobacco plants. Since 
it seems unlikely that the acetyl groups are removed on inoculation of 
tha modified virus to plants, the fact that the virus produced in ouch 
plants contains the normal amount of amino nitrogen may be regarded 
as evidence that the modified vims actually brings about ihe production 
of normal or unmodified virus. Similar results have been obtained 
with virus modified by the introduction of about 3^000 pheiiylureido 
groups per molecule of vims by means of reaction with phenyliso- 
cyonate, Tliese results demonstrate that a large portion of the surface 
structure of tile vim$ may be changed without interfering with the 
basic reaction of virus reproduction- Other reactions are being 
studied in an effort to secure modifications tliat will be perpetuated 
in siibseqnont genendions of the virus. The purposeful production 
of new and useful strains by clicmical mcana is one of the major prob¬ 
lems in the virus field and its solution will be of tremendous im¬ 
portance not only from a practical standpoint but also in connection 
with the larger and fundamental problem of tlie nature of virus ac¬ 
tivity. The latter problem, the inactivation problem and the problem 
of induced mutation are all m ciosely related that it i$ impossible to 
attack one without attacking the othets and simultaneously funda¬ 
mental problems in other fields, such as the origin of a cancerous cell, 
tlie duplication of a chromosome, the mutation of a gene, and even 
perhaps the nature of that ill-defined ^mething called life. 

Although we do not know how vinises originate, reproduce, or 
mutate, we have learned much about their chemical propertica during 
tlio past 5 years. We know that for every reasonably stable virus 
which hag been investigated there is a definite, characteristic, high 
molecular weight material which is at least as complex as a nucleo- 
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DFOtein The properties of these nuiterialB may liiffer widely, al- 
fhough in each instance the si^c, shape, and chemical and other p^^ 
ertiea are the same regardless of the source of the vin^ The prepe^ 
ties of materials from strains of the same Tirus are ^ilar although 
slightly different The amounts of the materials that may be oh- 
tBined differ tremendously and appear to depend upon the bo^ and 
the vires or virus strain. Tbematerials appear to be reasonably homi^ 
geneous when carefully prepared. Many different types of experi¬ 
ments have demonstrated a direct correlation between the mtegnty 
of structure of a given material and its virus activity. Because of this 
and because it has not been found possible to separate virus activity 
from these materials, there is reason to believe that they are the 
viruses. They appear to have the properties of molecules and m 
addition the property of virus activity, a kind of property 
assigned to organisms and one which has not heretofore been ascribed 
to molecules. Some may wish to consider that there is a sharp Une of 
division between molecules and organisms and that viruses belong 
wholly in one or the other of these two groups. Olliers may wish to 
retain the sharp line of divition but place some viruses in one ^up 
and other vinises in the second group. However, to a chemist it ap¬ 
pears preferable to consider that virus activity may he a property of 
molecules, that there may be no sharp line of division between mole¬ 
cules and organisms, ond that the viruses may provide the transition 
between the two. One virus has been inactivated and reactivated, and 
some idea gained of the accompanying change in structure. Studies 
on the elementary composition, the amino acid distribution, the amount 
ftnf1 kind of nucleic acid, the immunological reactions, the effect of dif¬ 
ferent enzymes, the pH and thermal stability ranges, and the effect of 
many different kinds of chemicals have been completed on some of the 
viruses. Extensive studies of the physical properties have also been 
made and the existence of long-range forces between molecules has 
been demonstrated. There is every reason to believe that the cx- 
tonsion of these studies will eventually result in the solution of the 
moi« fundamental problems related to the viresea, such as the nature 
of tlieir origin, reproduction, and mutation. 
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by EtUTriLt Act uj^hy EtiavrEUrnl (Ay Cntllifi,^ 



Z. QeyECT m Vifel^S Soluteon. 

Uh^nci mnriuit from Idit Ed Ti|!liil IlirrHigh a 0.7 rM^TWcnl KitnllDD I<)4 >cu»d mrAAb i-irui. hlyoli^^rapliMl 
Hlwvm npoHd. mfcunbil iJthL rt^MihUy- rtw* lurturv ctf ^FTvnlii ouwd hy nm-tni 

tBy J. A. rurEllr.^ 



3- SEDEMENTIKIS; BOUND ARY. 

.Vbsurplhm piviUrv* hhavnnf wdiiivintliiis t■rlCtnllJ^r7 a|[ tuinfttD Nu^y sticnil vlm^. 
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Plate a 



1. MlXTUHE OP TOSAOCO Mq^IC VIRUS WITH NORMAL RABBIT $ERU-M. 

Tifcr rtflilftiHlfiallJip InHi-rLiird iirrt-vn Ui nlvi*« at iJh^ ^ nti,> ni |1il^ mtdriiJltM i»r vim* Fkc' 

IrPh rainnj¥i»iih wHti raApiUkAllnH X rn, -TFi^m J^fllrTwJ Hpf Ilk44vkii] rbiiirblfy. I 



Z. tobacco Virus with ahtbtobacco virus Rabbit s^rum 
A ntlJWinHi Hihtmtfnl* fcilh raimJAmituii St n. Kl^Wl. (Frflii JnwtHiJ ..r r.'hHBUtjy.J 
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PLATE 5 



2. MIXTURE OF VlflUSES- 

Flmron rnkni^raph nl A cnUtiLiTV of itoburo nioHic luil bmiti}' Pliint vlruw* amllNiilij'' ^Uml «-|ni» 
rnttbIL iMtin]. Thu iBfllrtrulf^ of tnftftCro Fors^nJr vtiW Ati' tlnw ut ilar btahv xiuni vlsw arv 

riuiDivd loihr^tu«F. MuxtiUlr^lluii X CO. 14,HH}. {Uy Ti P. Amb^nofi atfI W, 
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IKDUSTBIAL DEVELOPAIENT OF SYNTHETIC 
VITAMINS* 


HAXliOLfH T. llAJaU 
Merck d €a.f Inc-^ xV, X 


i'Wlih 1 

Much is written, both scientific and unscientific, in the papers and 
mugo^ines of tliis country today about vitamins. In spite of this it 
might be well to define the word vitamin” first. In the large un¬ 
abridged dictionary in tlie writers homOt on the pnge where the word 
vitamin” should be, may be found such words as “visitatorinV^ 
“vitaceae ” ^^vitellarian,” "vitelin,” and ^'vitex”—but no woid vita¬ 
min.*^ Loiter it woa found Ikted in a separata place among new 
words. The front page of the dictionary shows that it was published 
in IDflO, Tills observation gives some concept of the speed with 
which vitoniins have become common knowledge. 

As recently sis 9 years agOj son^e peopk did not know tha nature of 
vitamins. The purchasing agent of a large company which has a fino 
scientific laboratory visited us at that tune. The dlscu^ion turned 
to vitamins^ Ue said, “I am interested la vitaminSp but I suppose no 
one has ever actually seen and handled a vita nun. Vitamins are 
something like electricity, aren^t they?” He was taken into one of 
tiie laboratories and shown a bottle full of crystalline vitamin Bi. 
He was amazed. 

For tho purptsie of this discussion vitamms might be defined as 
organic substances normally present in minute quantities in certain 
foodstuffs, the absence of which in the diet leads to well-defined mor¬ 
bid states. 

The older eo-callt^ natural vitamins, vitamina A ami D, will be 
mentioned very briefly. As you know, vitamins A and 1>, found in 
fish liver oils, ure used in the treatment of rickets^ ospecially in chil¬ 
dren and particularly during the winter^ for the development of 
proper teeth, for the treatment of niglit-blindnesa, and for building 
up resistance to infection. Tablets and capsules of concentrate of 

flt a in«UPB of Hap AmerioiD Setfiofl (Iw5 fnf drtmtdil 

Hm-rch 1^2. Btiuinled b/ pfirB^^HLua from dumiln] and l-ItiSltieirUitf Nevi, rid. 20, 
April 2 ^, 1042. 
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thes^} vitamins in irradiated foods are aTa.ilable today. Tliese vita- 
mins Lave not been synthesized us yet, at least on a commercial scales 
Certain individuAls Lave elaiined that they have sjntlLesized concen¬ 
trates of these vitamins, but they are not available generally. 

Vitamin C, or ascorbic acid, ^ns the first gyiitheiio vitamin to be 
introduced commercially. It is used in tlic tteatment and prevention 
of scurvy, some typers of dental caries, and other disorders. It is 
available on the market in various pharmaceutical forms, and is put 
into beverages, confectionery, and certain special foods. 

WTien interest was aroused in vitamin C a number of years ago, 
a little synthetic vitamin C was sliown to a leading biochemist in an 
eastern univemty and he was asked, ^^What good do you think this 
will havef’^ His remarks, based upon his work in biochemistry over 
a good many years, were as follows: 

] tbLuk tbat it wJU fiitd A piece qii (be museum shelves of b number of 
□tJTersLtles, partlculBrl; uf tlie btocfaemtcul departmenta I tliiuk a few blo- 
clienilfltfi mid a rew pluirmacolo^sta wUI be latoreHted la ejfamluni^ It 1 do 
nfit tbiiilc will be uny buslneHa In Et. There la plenty of vltamla G 

available naturally in fruits, partlruJarly In cilnis fniEta. 

In contrast to this the United States Tarifi^ Commission reports 
that in liHO 17 tons of vitamin C were produced synthetically in this 
couiitrj^ From a rtdJabla soufce comes Uie information that very 
sliortly there will be 80 to 100 tons of vitamin C syntheisizetl in this 
country annually. 

In Ogurc 1 is shown wliat happened to the price of vitamin C from 
the time natural tiscorbic acid became commercially avadnble in 19M 
at sometlung like $213 per ounce to the present when synthetic 
ascorbic acid may be iiad for an ounce. Figure 1 also shows the 
tremendous diiop in price when synthetic vitamin C first became 
available in 1937. Vitamin Bi or thiamine is used in the prevention 
and treatment of beriberi, of lack of appetite in children, and of 
neuritis of various types* It is availnbU in the various pharma¬ 
ceutical forms, os well as in medicinal foods. JforEOver, a new use 
for viUmin Bi has developed which was not anticipated until re¬ 
cently. It is used in the enrichment of flour of wliicli k is reliably 
stated that 4fi percent of the flour used in our homes and 35 percent 
of the bakery flour used in this country is being enriched with vitamin 
Bi tmlay. Each pound of that flour must contain not less than 1.66 
mg- of vitamin Bi. 

Vitamin was not introduced into flour without encountering 
difficulties. One such difficulty is illustrated by the case of one of our 
good Jewish friends. When he heard that synthetic vitamin B, was 
being put in bread, he was greatly worried and inquired whether 
Jewish people might eat this bread. In other words, was k “kosher,” 
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Fortunately for the eniichiDent program and also for our Jewisli 
friends, it was determined to be kosher. 

Some may wonder why an effort is being made to enrich white 
flour rather than to encourage mow widespread use of whole wheat 
flour. That is too long a story to discuss here, but the following 
quotation from Oscar Wilde’s “De Profundis” may prove interesting, 
In describing a man who had been in jail for some time, ho wrote: 

Some aU weeks aso I was allowed br Uie doctor to buye wUte bread to eat 
instead of tke eoanm black or browD bread of ordlaary prison Care. It Ls a 
great delicacy. It will soatid stnnfe that dry bread could possibly be a delleecy 
to anyone. TO ate It is so loitcb so tbot ot tbe dose of eacb meal I carcfoliy 
eat whatever crumte tuaj be left oa ou tin plate. 



1934 1935 1936 1937 19361939 1940 1941 1942 


Fiocwa l.^VitamiD C. 

The Army and Navy have spccilled that the bread baked for the 
soldiers and sailors must all be eiiricbed. South Carolina has re^ 
cently passed a law that requires the enrichment of all white flour 
used in the state. 

Vitamin B, became available only in very recent years. Figure 9 
illustrates the remarkable decrease xn price that has occumd as the 
use of vitamin B, has grown. In 1933 W'hen natural vitamin B, be¬ 
came available, it cost about $300 per gram. In 1937 when the syn¬ 
thetic vitamin was first aild, the price dropped to $7.50. The drop 
has continued until it is now being sold for $0.53 per gram. It is 
reliably stated vitamin B, will scon be made in this country at the 
rate of 25 to 30 tons annually. 


ooicei—it—19 
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Fiouei; 2,—Yftflinlii Bi- 


Anotlier commereialiy ijiiportaat vitamin is nicotinic acid, or 
niacin^ as it is called for the benefit of those who object to consuming 
nicotinic acid because they associate the name with nicotine. It is 
used in the cure and prevention of pellagra and is amilable on the 
market in various pharmaceutical forms, sometimes in combination 
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with other Titamias and sometimes done. It is ava liable in medi¬ 
cinal foonls and is added to all the enriched flour previously men¬ 
tioned, in connection with vitamin Bi, Each pound of enriched 
flour must contain not less than 6 mg. of niaciii. 

The trend of the price of nicotinic acid since 1937 is shown in 
figure 3. The price of nicotinic acid in bulk has dropped from $36 
per pound in 1937 to $6.60 per pound in Febmnry 1943. The de¬ 
crease in price has not been so marked as in the case of some of the 
other vitamins, since nicotinic acid is an old, well-known compound. 
It is interesting, however, that increa^ng volume of production along 
with chemical and engineering studies has made it possible to de¬ 
crease the price to the figure indicated, especially in times of gen¬ 
erally rising prices. 



|ie 

iD 

o: 15 

LJ 

CL 

g 12 

d 9 
o ^ 
o 

S 6 

lij 

o 


1942 


WsxiuBz 4. —^Blboflartn, 

Riboflavin (vitamin B,) is used in the treatment of oertuin flares 
of the lips and keratitk, a csertaiu type of inflamination of the eyest 
and also in tlie poultry industry to stimulate egg production. It is 
available in pbarmaceutical preparations and in medioirud foods* 
Beginning July 1^3, it will be required in enriched flour if suf¬ 
ficient riboflavin is available then to enrich the enormous quantity 
of flour needed in this country* This requirement may have to be 
deferred for a few months because of a shortage of riboflavin owing 
to the difficulties that have been encountered in obtaining equipment 
necessary for its manufacture in sufficient quantity. For the enrich¬ 
ment of flour mg* of riboflavin are required per pound of fiour^ 
The interest in riboflavin has also grown rapidly* In figure 4 is 
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pre^ent^cl the history of tlio hulk price of riboflavini beginning in 
1938 when synthetic riboflayin in bulk hr^t became aTeibble at $17-50 
per gratn to the present time when it may bo had for $1.25 per gram. 
This picture is not ^ striking eis in the cesee of yitamm C and Tita- 
min Bi since riboflavin has not yet been produced in as largo quan¬ 
tities, Undoubtedly, however, the price of riboflavin will be lowered 
as production increases. 

All the vitamins discussed in the preceding paragraphs have very 
dehniiej well-defined us^ The value of the nezt two vitamins to be 
discussed is not so well knowiL There are indications that the first 
of these, vitamin B*, may be of value in the treatment of oertain 
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muscular rigidities, in pamJyds agltans, and perhaps for other condi- 

tions. Ill spite of this, however, there is considerable interest in this 
vitamin, the synthesis of which was firet reported in 1039. Figure 5 
presents the effect of increased production on its price since 1939. 

As is the case with vitamin B., the biological and medical value of 
the ncirt intamin, calcium pantothenate, is poorly defined. However, 
everywhere one goes tiie value of pantothenic acid in ihe cure and 
prevention of white or gray hair is discussed. 

In plate 1, figure 1, is shown a black rat whose fur has turned gray 
owing to a d^ciency of pantothenic acid in its diet. Administration 
of pantothenic acid would change this fur back to its natural color. 
The Good Housekeeping Institute has published a statement that it 
is possible to change a htiman being’s ^ay hair Uck to normal by the 
use of pantothenic acid. On the west coast calciiun pantothenate is 
being added to a large proportion of the milk sold. Pantothenic acid 
m the form of its calcium salt is available in various pharmaceutical 
forms. In figure 6 is presented the change in price of culoimn pan- 
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tothcnate that hcis occurred with incremug iise^ Note that it was 
first made available just two years ago — in 1940. 

There ate a Dumber of odier vituiuius that toay be termed parts of 
the vitamin B complex. Among them are inositol which Dr. TVooltey^ 
of the Kochefeller InsLitutej observed has certain effects on the hair of 
mice^ p-ammobeniH>ic acid which wan proposed as a vitamiu by another 
New Yorker, choline, and biotin. Tliere are others, but they appear 
to be of still leas importances Et least at this time. 



FniuBiC ^ — Colelmn paVtoUicaBte. 


Two fut-sduble vitamins have been synthesiaed. One of these, 
vitamin K, is generally used in two forms—iist as vitamin Ki, and 
second as S-methylnaphthoquinone. Both of these compounds de^ 
crease the clotting time of the blood and arc used in patients before 
operations, particularly in people suffering from jaundice, and also at 
childbirth. 

The other synthetic fat-soluble vitamin, vitamin E, or a-tocophe- 
rol, is essential for proper reproduction in rats, but its value in human 
beings is quite uncertain. It may be of value in the ooriection of 
human sterility; and it may be important in the trealinent of certain 
neuromuscular disorders. 

DinlSLOFUKNT OF OUR KNOWLEDGR OP STKTHRTIC VITAMINS 

Scurvy, a diseose caused by lack of vitamin C, has been recognized 
fur many, many years. It was a scourge to those who traveled long 
distances by boat until quite modem times. Many sailors and pa^ 
sengeis on long voyages before the nineteenth century died of this 
before they reached their joamey^ end. But in 1804 the regu¬ 
lar jeg u o of a ration of lemon juice was made compulsoty in the British 
Navy and thereafter scurvy was a comparatively care disease among 
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British sailors Mow^verj before yitamin C was isolated, the whole 
concept of some diseases being due to the lack of certain so-called 
accessory factors intd to be recognized by scientists and much experi¬ 
mental work on aninmls performed. It wfia found that the guinea pig 
suffered from scurvy and was a miitable eXjicrimentaJ imimal for these 
studies. Using tliis animal as an indicator of activity it was possi¬ 
ble by various metbods of fractionation and separation to isolate 
crystalline vitfLniin 

Vitamin C waji isolated and first recognisicd as a vitamin by two 
American biodiemisfs, Waugb and King, In 1932. After they had 
isolated vitatidn C, using the gtiinea pig as an indicator of the activity 
of tlieir fractintia, it was found that the same material had been iso¬ 
lated from adrenal glands previously by a Hungarian, Szcnt-Gydrgyi, 
in 192&. However, Szent-Gyorgyl l^ud not rcoognized that he had had 
vitamin C in Ids hands. Subsequent to the successful isolation of 
vitamin C, chemists heeanie interested in its structure and synthesis. 
In 1933 chemists in various parts of the world had synthesized vitamin 
C after tlie structure had first been determined. One of these early 
syntheses is due to Eeichstein, In which xylosone Is com erted to a 
nitrll, hydroly^ied to the S-keto sugar acid, and finally converted to 
ascorbic acid. This did not prove a very satisfactory commercial 
synthesis, because it started with xylose or lyxose, both of which are 
not readily available. A more successful synthesis, also due to Reich- 
stein, Used the readily available sugar, glucose, as raw material. 
Gtuco&e was hydrogenated to sorbitol, converted to sorbose^ then to 
di acetone sorbose, and then oxidized to £-keto ^gulonJc acid ivhich was 
converted into vitamin C Among the other scientists who did con- 
sidcrahle work on the synthesis of this vitamin arc Karrer, Haworth, 
von Euler, and MicheeL 

The first manufacture of natural vitauim C in this country took 
place in 1934. It was made from gladiolus leaves, which had been 
found to contain a relatively high percent of vitamin C. Fields of 
gladioli were planted in the vicinity of the authors oonipany’'s factory. 
Many difficulties were encountered in collecting aud extracting the 
plants on the day that they were cuL 

Synthetic ascorbic avid was first made available in the United 
States in 193T. 

Beriberi, the discjisa caused by the lack of vitamin was also recog¬ 
nized many years ago. Because so many people in the Orient have 
suffered from this disease, the attention of medical scientists was 
attracted to it at an early date. Most of the early work was carried 
on iri the Orient. Takaki, tljo director'general of the Japanese Navy 
Medical Service, was able to banish beriberi from the Japanese Navy 
in 1632 by increasing the allowance of vegetables, fish^ and meat in 
tile uavy diet acid by using barley Instead of poUslLed ricOi He rccog- 
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nized that betibcti woa caused by n badlj balanced diet, hut that is as 
far as his studies carried him. 

In IS&T, a Dutchman named Eijkraan, 'norking in BataTia, Java, 
found that beriberi resulted front continuous consumption of decorti¬ 
cated rice. He used the pigeon (pL I, fig. 2) as bis test animal. In 
1028, Jansen and Ehmath, working in the aime laboratory as Eijkinan, 
first isolated vitamin Bi in minute quantities from rice polUli. H, H. 
Williams, who started work some 30 years ago on the same problem 
in the Philippines, developed a practical method of isolating larger 
quantities of vitamin B, u few years later. However, it was soon 
obvious tliat large-scale equipment and chemical engineering skill 
would be required to produce the quantities of vitamin Bi that were 
required to settle the structure of this vitamin. Dr. Williams turned 
to tlie author’s laboratories for help on bis problem. Larger quan¬ 
tities of vitamin B, were isolated and the structure of the vitamin was 
definitely established. Dr. Williams had previously carried out a 
crucial experiment, in which he had found that with sodium sulfite 
the vitamin could be split into two parts, a nitrogen-containing sul¬ 
fonic acid and a sulfur-containing alcohol. In collaboration with 
Hans Clarke of Columbia University the latter was shown to bo a 
thiazole derivative. After considerable additional work, the struc¬ 
ture of the remaining fragment was determined by Dr. Williams and 
by Dr. Cline of our laboratory, and the syntlieais was accomplished 
following an earlier synthesis of the thiazole moiety by Buchmaii 
and by Clarke and his associates. Independently the vitamin was 
synthesized by others, among them being Grewe, Andersog, and 
Westphal, and Todd and his associates. Two of these ^Titheacs are 
graphicaUy shown in figures 7 and 8. 

A good many strictly technical difficulties have been encountered 
in the manufacture of vitamin Bi- The synthesis of the vitamin 
Involves a good many reactions, some of wliich are very complex. 

Other troubles were also encountered in its manufacture. One 
particular step, in days gone by, was especially affected by its accom¬ 
panying odor. One mail was finally moved to quit. When a^ed tile 
reason, he claimed tliat his girl left him in the middle of the danoo 
floor I His odor had overcome his charm 1 Many people leaving 
work would have a slight but definite odor of burnt rubber. One 
supervisor, on going to a movie, was somewhat embarrassed when 
the Itidy next to him rose and informed the manager that there was a 
short circuit or something burning near her. The manager, ushers, 
the lady, and others gave the area a careful inspection to find what 
was burning. However, the man was resourceful—he got down on 
his hands and knees and joined the search. 

In 1916 Goldbergcr, a United States Public Hcaltli official, recog¬ 
nized that dietary deficiencies might play on important role in the 
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development of pellagra, a dlEOase that Tvna common in our sonthem 
State^^ It is reported that 400^000 to 500^000 people suffered from 
this disease every year. Inreatigations by Elvehjem led to his demon¬ 
stration in 1&37 that meotinJe acid would cure black tongue in dogs, a 
condition analogous to pellagra in mam Previous to 19S7 nicotinic 
acid had been isolated from rice polish, Dver, etc., but do one had 
recognized the signiheance of these findings. In l&M Spies and bis 
00workers reported that nicotinic add (niacin) was effective in the 
Ireatmeht of human pellagra, and its use naturally has spread rapidly. 
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Ftctm 7,—WlUiaiHfl and associates synthesis of Tltamin Bi, 


KicotiDic Qcid was first prepared in 1867 hy Huber by the oxidation 
of nicotine with potsssiiim chromate and sulfuric acid- Later it was 
found that nitric acid could be used ns the oxidizing agent. Nicotinic 
acid may be made also by other methods, such as the oxidation of 
quinoline or jff-picoline or by the bromination of pyridine, followed 
by its^conversion to the nitril of nicotinic acid and then by bydrolysis. 
Xicotiuic add is made in large quantities by processes such as thf^ se . 










BTIJTHETIC VITAMINS — MAJOfl 


2S3 


Early in tiw work on the riiEuniti?, it was recognized that there 
were at lenst two water-soluhle so-called B vitamins^ one stable to 
heat and the other tiiistable. llie hitter was designatad vitamin Bj, 
and the other, the heat-stable factor, was termed vitamin Later 
is was found there were several heat-stable factors, all essential for 
the growth of the mt+ Using this animal in his tests, Kuhn and 
others showed in 193S that one of the heat-stable factors, later termed 
riboflavinj was the same as a widely distribnled and prevlonsly 
described yellow pigment in milk, liver, etc. He isolated the pigment 
from egg white and determined its structure. Botli Kuhn and Karrer 
synthesized riboflavin in 1935. Kari'er^s syuthesis is shown in figura 
9. Other metliods have been devclotied in this connlry for the synthe- 
.sis of riboflavin. 
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Mtdical interest in this Titamiti dates frt>in tiie work of Sebrell and 
Butler iu 1938 who found that it prevented and cured certain Assures 
in the comets of the mouths of human beings. Two years ago Syden- 
stticker found that it prevented and cured a certain tyjw of keratitis- 
Recent eisemulations W'ith the so-called sUt lamp indicate tliat there 
muy be a very widespread dehciency of riboflavin ja tlie diet in this 
country. 

Ill the manufacture of riboflavin the principal difficulty encountered 
has been the production of the riboae pari of the molecule. Of course 
ribose is a very rare sugar. It has involved much work by night and 
by day, including Saturdays and Sundays, to find a good manufactur- 
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ing process for riboflaFin. It 13 one ihing to ranke such a compound 
in die laboratoi 7 when one is interested in muking perhaps a gram 
or two of it, but quite Hnolher Uiing to do it od a large scale witk rea¬ 
sonably good yields, The tnninifacture of these Titamins is carried 
out in typical tdEmufacturjng equipment, although It Is not made on 
anywhere near die scale to which our friends in the heavy chemical 
Industry are accustomed. 

During the course of Goldbetgcr^a work on the pellagra “preventing 
factor, he was able to produce a ^^ndrome in rats which was called rat 
pellagra when the rats were fed on diets deficient In this pellagra- 
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prevent i ng factor> However, in 1035 Gyorgv showed that rat pellagra 
w'BS not cauaed by a defioicncy of tlic iieUugra-preventing factor but 
by a deficiGn<7 of a separate factor which he termed vitamin B,, now 
known as pyridoxine. 'fliis compound was isolntod by Dus, Kervsztcsy 
and Stevens in the Merck X«aboratorios and at about the some time in 
other laboratories by Lepkovsky', Kuhn, and Ichiba and Michi« Its 
synthesis was ecccmplished in the Merck Laboratories in by Drs. 
Harris and Folkers. As may be seen from figure 10, the synthests is 
not simple, but in spite of this a number of good classical organic 
reactions have been used in its preparation. 
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In 19;J3 K. J* Williams discoverc^J an acidic substaticc which occurred 
in many natural products that would stimulate the growth of yeast. 
In the meantime other workers had found that chicks bred under oer- 
tain special dietary conditions developed a dermatitis which was attrih- 
uted to the lack of a so-called SUmte factor. In 193D Elvehjem and 
Lepkovsky and Jukes found tlint highly active concentrates of panto¬ 
thenic acid would cure this chick dermatitis (pi. fig^ 3). Previously 
Williams had isolated a somewhat crude preparation of pantothenic 
acid from natural sourcesL He had shown that pantothenic add was 
formed by the combination of j^-alanine with a hydiosj acid* After 
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the announcement of the probable identity of pantothenic acid with 
the so-called filtrate factor for chicks the collaboration of cur labora¬ 
tory was enlisted in the investig^itioD of the structure of this add* 
First the hydroxy acid was isolated from natural sources in the form 
nf its lactone. This was shown to bo the levo form of a-Iiydroxj-/?jJ- 
dimethyl- 7 -butyroIactone. It was soon Eynthedzed* Pantothenic 
acid was obtained by combining this lactone with salt^ of j^-alanine 
or its ester followed by hydrolysis. Synthesis of pantothetde acid 
made it possible to establish without further qhestion the identity of 
the chick “filtrate factor"’ with pantothenic acid. 

As was mentioned previously, there has been a growing demand for 
calcium pantothenate and it is being manufactured in relatively large 
quantities. 
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In a study uietending from 1929 to L9B4 Dam and Ms a,^saciates 
scribed a do&cisncy di^aso of chicks ivhich was ehamctcrissed by a 
marked tendency to bleeds It was: shown tJmt tlic clotting time of 
the blood of chicks suffering from this disease was greatly prolonged. 
Diun found that hog liver contained a fat-soluble factor w^hicli would 
correct this condition. He termed it vitamin K Subsequently Ahn- 
quist obtained highly potent concentrates frtan alfalfa, L^ter Doisy 
and his associates succeeded in Isolating what they termed Wtaniin 
Kt in alfalfa and in fish meal. The structure of the mote important 
of tbese^ vituinin Kj, was found to be 2-methyl"3-phytylnaphthoqui 
none. Doi^^ Fiesfct, and AJmquist synthci^ized it in 1930* Subse¬ 
quently it was announced by Fernholz and Ansbadier that 2-methyI- 
naphthoquinone was as actKe as, or possibly more active than, vitamin 
Ki or vitamin IL. The maniifnctnro of vitamin Ki for use in medicine 
is not great. Larger amounts of the cheaper 2-methylnaphthoquinone 
are used. 

In a study dating back to 1922 Evans and his oollaborators liave 
found that a dietary constitueni is necessary for normal reproduction 
of mts* It was found that wheat germ oil w'as a rich sonroe of this 
factor which has been termed vitamin E or tocopherob It was pres¬ 
ent in other natural oils also* Concentrates of these oils were made 
nnd crystfilline derivatives of vitamin B, or a-tocopherol as it has 
become known^ were prepaid- Subsequently other tocopherols" 
namely^ and T-tocopherols—were found which diiler from it-toco- 
pherol in the number of methyl groups contained about the chromane 
nucleus of the molecule. The structure of (t-tocopbcrol deter¬ 
mined by Femholz in our laboratory and the synthesis was accom¬ 
plished by Earrer in Switzerland, Todd in Englandj and Lee I. Smith 
of the University of Minnesota in this country^. 

Tlio importance of cooperation among academic laboratories^ re¬ 
search institutes^ and industry, ami the need for a friendly under¬ 
standing by each of the needs, goals, and problems of the others 
can not be emphasized too much. Tlie growth of modeni industry is 
almost entirely dependent upon the great advances in pure science. 
Industry too has contributed much. It has made the findings of the 
pure scientist available to society* Discoveries in pure science are 
apt to become and remain sterile from the point of view of society 
unless industry makes use of them in i^me way. Examples of the 
great developments in industry based upon pure science are found in 
the great electrical industry which h so largely based upon the work 
of Faraday and other great pure scientists, or in the development of 
the dye industry which is based upon the work of the organic chem¬ 
ists of this country and abroad. This list could be increa^ almost 
ad infinituni. 
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Iiidusti'j contributes to pure science by liiieucially supporting 
research in univerBities and lesearcb institutes. It has made special 
chemicals,, facilities for large-scale work, bioas^ysj and other expen¬ 
sive analyses and assays available to academic workers. It is very 
important that this work be continued, and it is very important too 
that it be continued to tlse mutual satisfaetion of both the parties con^ 
ceriicd. To attain this it is essential that the two groups understand 
what each is trying to achieve. The primary purposes of the aca¬ 
demic irnditutioua, of course, are the training of youth and the expan¬ 
sion and extension of man^s mental horizons. ^Ibese pur|>ose3 are 
significant and imporbint- The purpose and reason for the existence 
of the manufacturing industries are, of course, to manufacture and 
sell something that people w ant and need—in other words, to satisfy 
demands for some article or muteriah In dohig this patents play an 
extremely importnnt role. Patent protection on u new process or 
product is often necessary to obtain the money necessary for the 
equipment and facilities required to begin manufacture. Many writ¬ 
ers state that Uic AmericaQ patent system is resixmiSible in no small 
measure for the rcmurkable development of American industry* 
However, the subject of patents is one on which the views of many 
acadnmic investigators and industrial research investigators and busi- 
uesss mcti differ widely. To achieve any real cooperation it zs mo^t 
important that both academic and industrial scicuiista achieve as thor¬ 
ough an understanding as possible of the ])urposcs, benefils, and 
limitations of our American patent system. 

In conclusion some general comments on the significance and social 
value of this food accessory busidess, the manufacture of synthetic 
vitamins, may be of interest* Through Claude R. Wickard, Secretary 
of the United States Department of Agriculture, the Government has 
issued a little pampMet entitled “Food Will Win the War and Write 
tliePeace*^' It states : 

Food fa a wUcle nrsE!iiaL of In this atro^le for himinD froedow. It 

la tlie drlying force behlad US£li production hy munlrlim wurkerUii and top-notch 
performnncef! pud atrong morale among aofdlefn and sallara. 

Somewhat in the same vein, Russell Wilder of the Mayo Clinic 
nnd former chairman of the commitieo on food oud nutrition of tlie 
National Research Council has written: 

FVLuilne baa ulwaja contributed to defeat of amilea and subjugotlou of nattoni^- 
Thls has long been rDoofuLsedi hut \n the psiet U was nilatakeul^ tfactiuht that 
fumlae could be preveettod it only the a;ipp3y of food auiScefL The newer 
ImowZcd^ teaches that the DDlTniTe aaalUy of the foodti sujipUod la of tto utmost 
imjy^FtnPce- , - . Qilcric la needed^ but do more than tattcili else Jn 

food. . . . The new knovrled^e of autrltlon baa emphasised piirtlcuJarir the 
Importfince Pf what once were called aecesaory factoid, namoljf enlta and Tim- 
mlna. * . . Vltamlri deflclendes censtUute the prlnclpid "hidden btiDgerH," sub- 
chnlcdl nhuormelitEes which onttl lately^ for the moat port* were nurecopnlaed. 
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This new indiistrj in synthetic vitamins is making it possibly to 
satisfy many of tliese “bidden hungers'^ and to improve the nutrition 
and well-being of our people. 

In comparing the contributions of the nutrition workers of the 
twentieth centuiy with those of earlier workers in the nineteenth 
century^ such ds Pasteur and Lister^ from whose work came a recog¬ 
nition of the bacterial origin of disease^ we nmy conclude that the 
sociat value of the present work in nutrition would appear to be as 
significant as that of the nineteenth-century investigators to whom 
mankind owes so tnticlL 
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At the present time tlie nutritional reciuirements of man can be 
eocpnessed in chemicut terms to a greater extent than ever before. 
However, we aa chemists must recognize that there is more to adequate 
nutrition tlmn the mere combining of the known compounds into u 
diet and the calculation of the cost of these dietaij constituents. 
Owing to the fact tliat some of the vitamins that were formerly the 
costly part of our diet may now be purchased at prices so low that they 
are difficult for us to comprehend, certain erroneous suggestions have 
been made concerning the cost of an average diet It is true tliat one's 
yearly requirement of thiamin may now be purchased for about BO 
cents and the nicotinic acid supply for about 12 cents at wholesale 
prices. Jlut we must not forget that the yearly supply of caloriea is 
still a significant item in our diet, lifost of us ignore calories tuitil 
times of stre^. Even in the last w'ar one of the greatest problems in 
many countries was an adequate supply of total food. If my calcula- 
tions am correct 1 find that it would be difficidt to supply one's yearly 
requirement for energy for much less than $15, and the cost of ade¬ 
quate protein would certainly exceed this value. Thus if we add up 
the cost of the individual components we get lvalues considerably higher 
tlian some of the figures which have recently been suggested by cerbiin 
workers. It is impossible even to estimate the cost of tlie unknown 
factors, 

I believe the safest program at this time is to rely upon the com- 
mon foods which we have been accustomed to eating ratlier than at¬ 
tempting the production of cheap, synthetic substitutes. However, 
we should make every effort to improve the quality of the foods 
that are now making up the American dietary. In other words, we 

^Oiv«n 1)rraTe Smi|KM|giB on KutrlMsut RMtonitlcm bhiI ForttAMtlaq orrc«l*, Oltiilixi 
gf AcrtcttUncit] gitd Vogd Clinniitrr gna niolo^cAt Cbendtrr, Ancriemn CheiDfcil flaflew 
Meetlag, Btr Loab, ApHL K 1S41. BepHntf'iS bj ^rEsJnlc^D from iDdoitrlnJ mnd 
EbCfDKrlag Cl]«mlBtry, S3, June 1041. 
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must walizc that plant and atiimal products as produced on tlio 
surfnoo of this earth do not neoessarily contain the indiTiduiil 
nutrients in optimum concentration for the human being. We must 
use some ingenuity in compounding natural food materials into a 
complete diet. Improvement in the quality of certain food supplies 
will not only conserve total quantity of food but ’will tend towaid 
more optimum nutrition of all indviduals. 

Our problem today centers around tlie restoration and fortifica¬ 
tion of foods, I sliould like to meoLion in pitsslng that the interest 
in tliis problem is undoubtedly stimulated by our national defense 
program, but we sliould also recognize that wo have readied a stage 
in our knowledge of nutrition which makes it possible For us to 
consider this problem. At first nutrition workers rccngniKcd that 
certain foods were excellent sources of specific nutrients. Thej^ 
foods became known as protective foods and we relied on these spe¬ 
cific foods to a considerable extent for out supply of essential factors, 
Wlien wc recognized that inorganic salts were utilized ns readily by 
the body as the mineral elements found in our natural footls and that 
synthetic vitamins could be produced at a fairly low cost, consider¬ 
able interest was shown in the use of concentrates or capsules to sup¬ 
ply some of the more important nutrients. The value of these prep- 
arntions in the cliiiicn! treatment of deficiency diseases cannot be 
denied, but we must rccogniaa tliat the ndmitiistration of such con¬ 
centrated forms of nutrients should be only temporary in nature. 
If largo groups of people arc living on combinations of natural foods 
which do not supply the total requirement, the food supply should 
be modified or fortified. 

As tlie chemists showed greater interest in these problems, meth- 
wls of assay have improve<l so that we can analyze our staple foods 
for their vitamin content. These foods tiro not devoid of vitamins, 
as many would have us believe, hut show n low content on the per¬ 
centage basis. If we multiply the amount present by the total 
weight of the food consumed daily we find that the result may be 
an appreciable part of the entii'c requirement. I am sure that in 
the future we will look back upon this work as one of the most im¬ 
portant periods in nutritional research. 

It is obvious that values for the distribution of nutrients in foods 
are not of much use until we know* the requirement for each of these 
nutrients. If we had nil these values available it would not be very 
difficult for the dietitian to handle the food supply so as to give us 
adequate nutrition through the use of pleasing foods. 

The establishment of nutritional requirements has also bad a 
rather interesting history'. In a few cases tJie actual requirement has 
been studied on human beings. Thus we have a considerable number 
of data for the energy requirement of human beings of different ages. 


NUTRITIONAL REQUIREMENTS — EL\'EHJEM 291 

Tho data on the protein requirement are somewhat limited, although 
there is today fairly general agreement among many workers as to 
this constituent of our diet There hare also bMu a few studies on 
the requirements for calcium, phosphorus, and iron. In the case of 
many of the vitamins, tho data have been obtained through animal 
experiments and generally froni work that wus not initiated to an¬ 
swer this particular question. I am afraid that many of us have 
bfseu guiltv of concluding from our animal experiments that a vita¬ 
min ja needed at a certain level and then for good measure we sug¬ 
gest that the daily human requirement would be 50 percent greater 
than the value found. 

This methcKl may be quite satisfactory in order to establish a cer¬ 
tain degree of safety. However, if we were to do this iu all our 
calculations, I am afraid we would soon pile up a considerable exc^. 
For example, if we w'ere making an automobile trip of 200 miles 
each day and our car required one gallon of gas for 20 miles, the 
first day we would then need 10 gallons, but for safety’s sake we 
would put in 16. If we did that each day we would soon find that 
our gasoline tank was overflowing. 

The following figures may be used as a guide for the daily re¬ 
quirement of the better-known nutrients. These values iviil, of 
course, vary depending upon the age of the individual and whether 
there are certaiu iucreoserl requiiements superimposed upon the or* 
dinary requirements. These problems are largely physiological and 
I will not go into them here. The figures given in table 1 are those 
recogriijsed for the average male adult. I should like to dis^ss very 
briefly how these values have been obtained, their limitations, and 
how the chemist can aid in establishing more satisfactory values, 

TsaLa l.—vl ^uidtfor iA* <2a^ir reguirmwit oflfw. MUr-hnowk iiMl/wnto 

ProtetD.. .----- rOgmiM. 

Catcitim_ _ -O.Tsraics. 

Iron __ _ ___ - 12 mg. 

Vit amin A,-....-_........- 4,000-5,000 I. U, 

VitamiD _-. l,5-2,0 mg. 

Vhamln C_ ______ - - “R* 

Riboflavin.. ___- 2-3 mg. 

Nicotinic acid...... --- 10-16 mg. 

Vitamin D. _____ 400 !. U, 

It is, perhaps, unnecessary to say mucli about the energy or the 
protein requirements. In spite of the extensive values for^ the 
caloric requirements of human beings under different conditions, 
little atleutiou has been given to the effect of the external environ¬ 
ment on the caloric intake, Jlills and Calvin (1) have recently 
shown that excessive external temperatures may reduce the intake 
Boiwi—48 — so 
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of cnlories to the point that suffioient food is not consumed to stjp- 
ply the normal vitamin reQuirement. Wfi still speak of the protein 
requirement in total grams of protein in the diet, while actually it 
is not the protein requirement that we are interested in, but the 
amino acid requirement. Some day we may be able to state the 
actual amino acid requirements and obtain values for the amino acid 
content of all our food supplies. At present tliis may seem very 
difUcult, but the analysis of food materials for vitamins A, and 
C also appeared ^•ery dilEcult a few years ago. The value of 70 
grams of protein per day for an adult man is probably a safe 5gure 
provided we specify that the protein should be derived from a va¬ 
riety of sources and a good part of it from animal tissues. 

Xo deSnite figures have been established for the fat content of 
human dietaries. It is generally concluded that fat must be a con¬ 
stituent of the normal diet and that it is well to use libeml amounts 
to supply tlie fat-soluble vitamins. Tlie latter suggestion is not 
absolutely essential since we can now get concentrates of these vita¬ 
mins; however, the importance of fat as a source of linoleic acid 
must be considered. There is no question about the production of 
linoleic acid deficiency in rats on fat-low diets but few studies bate 
been made with other species. There L<s some diJlerencc of opinion 
concerning the importance of linoleic acid in the human dietary, A 
high intake of linoleic acid containing fats has been used in the 
trentment of ccsemn; and Brown, Hansen, Burr, and McQuarric {2) 
found a decreaae in the amount of linoleic acid and aradiidonic iicid 
in the serum of an adult man subsisting for 6 months on a diet cs- 
tremely low in fat. The indiviihint exhibited no other evidence of 
disease. We have found in oiir laboratory that rats maintained on 
mineralized skim milk fortified with minerals and the fat-sotuble 
vitamins grow better when the skim milk is supplemented with butter 
fat than when vegetable oils are used. Tlie active substanco is pres¬ 
ent in the fatty acid fraction of the butter fat. 

It is also well known that fat has a sparing effect on vitamin Bi. 
The general Llccieasc in the fat content of Atnerican dietaries has 
thus tended to aggravate tlie vitamin B, deficiency brought about by 
the use of refined foods. 

Calcium logically heads the list of mineral elements of significance 
in nutrition eince there is more calcium in the human body than any 
other mineral element. The value generally accepted today ns an 
adequate level is 0,7 to 0.8 gm, per day. We must first recognize 
tliut this calcium requirement holds only when the diet contains 
an adequate supply of vitamin D. Ca: P ratio is also a factor 
that needs definite cunsideration. We still find in certain textbooks 
that optimum Ca: P ratio is 2:1. This is obviously incorrect 
since in all of our work we have found the ratio to approach 1.2:1. 
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Expcfins^ts ’witli dogs iddicat>^ that the CmP ratio b 

it is impossible to get iiottuftl ealoificjitioti eteti iivitii ti'eiiieodous 
doses of Titnniiii D. Sherman and eoworkers (3) have recent]}' re¬ 
ported some improvement in the nutritional welhbeing of rats by 
increasing the calcium inUiko from 0.2 percent to 0.35 percent or 
even to 0.8 percent of the diet The phosphorus requirement is 
generally assumed to be A little higher than the calcium figures. 
This may appear contradictory in the light of a calcimii pliosphorus 
ratio of 1.2 to 1; howeverj the higher value may he iidvantageous 
because some of tlio organic phosphmiis may not bo completely avail¬ 
able, The phosphortis in phytic acid is now known (4) to be avaiU 
ablCi but it is lesss efficient for bone production than other sources 
of phosphorus. 

The daily iron requirement is rather well Established although 
tlio exact figure has varied between 12 and 15 mg. per day* t ir^ 
must recognize tliat the iron is of no value in the body miloss it 
is accoJupanied by copper which functions in llio conversion of iron 
into hemoglobiii. In addition tlie iroii must be in an avaikblo form* 
Extensive studies hnvo been made on the available iron content of 
foods, and the valuea obtained by chemical methods check fairly well 
with those obtained through tlio feeding experiments with rata. 
However, we still do not know whether the avaikbilitj as measured 
in rats is similar to that which we may find in tlie human being. 
Much has been said about the relative value of ferric and ferrous 
iron. This problem has recently been thoroughly studied by Tomp- 
sBtt (6). Ferrous iron api>ears to be the only form to be absorbed 
from the alimentary tract. The ferric iron consumed is reduced in 
the stomach and this reduction is brought about by sul^tances which 
are common constituents of the diet,^ Tlie diet may also contain 
substances which tend to oxidize the ferr^ms iron to the ferric state. 
The phospliatides of egg yolk appear to be one group of sutetancea 
wliich inhibit the absorption of iron through the auto^idation of the 
ferrous iron, Tompsett states that it is difficult to give a definite 
value for iron because the degree of iron absorption is dependent on 
so niaii}^ factors. The value of 12—15 mg. per day is probably liberal 
enough to compensate for the iron present in the food in forms that 
carinot be utilized. The daily copper requirement is probably about 
2 mg* per day and practically all forms of copper show equal 
availability. 

No requireiuents have been set up for the remaining so-called 
trace elements and perhaps rightly so, since we have no spcscifit 
values available. But wc must recognize tliat elements such as 
umnganeise, zinc^ and cobalt are important in tlie diet, and perhaps 
vEilu^ for these additional minerals may soon be available. 
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Most of the work on iodine requirements hits been done directly 
on liuinnn beings. One reason for this is undoubtedly due to the 
fact that it is difficult to produce an iodine deficiency in experimental 
animals ultlmngh many farm animals in the goiter region sutler from 
iodine deficiency. Balance studies (6) show that 50 to 100 jnicro- 
graius of iodine per day may be sufficient. The value generally given 
is 5 micrograma per kilogram of body weight. There is ample evi¬ 
dence that these email i-equirements may not be met by foods and 
drmking water. In order to meet this difficulty tlie fortification 
of salt was started in this country over 15 years ago. This was the 
first fortification program in tliis country. Sufficient Ifal or K1 
is added to maintain the iodine content of salt at 0,015 pei-cent. 

Turning then to a discussion of the vitamins we find even more 
conflicting data. The main difficulty encountered is that there arc 
set'erel different chemical compounds which may have similar phys¬ 
iological effects. Yet the quantitative activity of these different 
compoimds varies to a considerable extent. In the case of vitamin 
A our foods contain both the classical vitamin A nnd carotene, as well 
as otber related carotenoids. A value of 5,000 I. U. has bwn sug¬ 
gested on the basis that the average diet supplies one-third of the 
total activity in the form of vitamin A and two-thirds in the form 
of carotene. Two thousand I. U. of vitamin A as such will un¬ 
doubtedly meet tlie daily needs. Some day it may be advisable to set 
sp^ific standards for tbe carotene requirement and the vitamin A re¬ 
quirement and to express the distribution O'f both these compounds 
in our food materials. The absorption of vitamin A from the in¬ 
testinal tract is definitely related to Oie fat content of our diet and the 
actual requirement may differ drastically depending upon the presence 
of other materials in the diet. 

Tlie vitamin D requirement, iis I have mentioned, is dependent 
upon the total calcium and phnsphorns intake as well as the calcium 
and phosphorus ratio and may differ considerably depending upon 
whether the diet contains ample quantities of milk or whether the 
diet is low in this f^. Apparently the different forms of vitamin 
D do not vary sufficiently to make this a problem in human studies. 
I believe we are safe in accepting a value of 4001. U. per day. 

Wo ™]uirem^ts have been staled for vitaming K or R‘because so 
little information is available. Under norma] conditions there is 
sufficient synthesis of vitamin K in die uitestinal tract to meet the 
requirement. However, any change in the intestinal flora might bring 
about a definite increase in the need for preformed vitamin K in the 
diet. 

The vitemin C requirement is rather definitely established because 
the chemist lias been able to determine tbia factor rather simply not 
only in foods but also in the blood stream. Several groups of workt re 
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liuvo shown that 70 mg. jKst day will maintain the Titamin C content 
of the blood at higli levels. Tlio important question in this case is 
whether we should supply sufficient vitamin C to produce complete 
saturation of the blood streauif or whether optimum health can be 
niniiitained at lower levels of saturation. 

At the present time there appears to be greater interest in the vita¬ 
min Bi requirement than any of the other vitamins. This is per¬ 
haps due to the fact that it is practically impossible to study tlie 
vitamin B, content of the blood and we must resort largely to balance 
studios. Many of the balance studies have been conducted for short 
periods of time, and such studies may give results considerably higher 
than those obtained over a long period of time. Another factor which 
perhaps enters into this problem is the fact that the vitamin Bt re¬ 
quirement is definitely reduced by a high fat diet. Recent studies 
at the Banting Institute have suggested that high-fat diets may 
eliminate all symptoms of Bi deficiency eicept those changes taking 
place in flic lieort. If this is true, we should perhaps recommend 
the high level of Bi intake regardless of what the fat oontont of the 
diet is. A level of 1.5 to 2 mg. per day should supply an adequate 
intake for most Individuals. In studies conducted by Williams, Ma¬ 
son, Wilder and Smith (T) it was found that about 1 mg. prevented 
i^iptoms but higher Jevda gave a high degree of well-being. 

The very recent work oti human beings (8) seems to establish rather 
definitely ttiat tho riboflavin content is 3 mg. per day. These studies 
were conducted on human beings receiving average diets, but again, 
changing the fat and carbohydrate ratio may alter the riboflavin re¬ 
quirement, We have recently sliown in our laljoratory thot when the 
fat content of tlie diet is increased wc find a considerable increase in 
the riboflavin requirement. This wo interpret in a proUminary way 
ns being caused by a change In the bacterial flora. That is, under nor¬ 
mal conditions there may he a certain degree of riboflavin synthesis 
in the intestinal tract and we are merely measuring the ribofluviu re¬ 
quired above this syntliesis. If there are sudden changes in the in¬ 
testinal florn', the entire riboflavin requirement may have to be supplied 
through the diet. 

It woukl appear that the nicotinic acid requirement might be es¬ 
tablished very ea.sily since nicotinic acid is such a simple chemical 
compound. Tremendous difficulties have been encountered in at¬ 
tempting to determine the nicotinic acid content of foods or to meas- 
uie the nicotinic acid eicreted in the urine. Two recent develop¬ 
ments, I believe, will bo of considerable value in establishing the 
nicotinic acid requirement. One is that wo are now able to feed 
dogs on a highly synthetic diet containing no nicotinic acid and from 
these studies it would appear that the daily requirement for main¬ 
tenance is about 0.25 mg. per kilo and the requiremoiit for growth 
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is ftbout 0.5 mg, per kilo. TJnng these values then, it Tvoiild appealr 
that tha nicotinic ucid irquiremeut of a human being is at least 
15 mg, per day. Bacteriological methods have also recently been 
developed for nicotinic acid determination and these procedures give 
accurate results. By calculating the nicotinic acid content of an 
over age diet it would appear that it con tains ] 5 to 20 mg. per daily 
portion. As far as wc knoAv% there are no factors in the average diet 
which tend to niter the nicotinic acid requirement, idthough in¬ 
creased caccrcise may have a definite effect on the requirement of 
this factor. 

Tile groatest limitation in the above figures is the lack of recogni¬ 
tion of the less-known vitamins. Certainly the vitamin Bg require¬ 
ment of a human being may lie as important as any of the other 
B vitamins. Yet we have no way of setting a specific figure at the 
present time. We can only make a rough assumption that the vita¬ 
min Bft requirement is in the same order of magnitude as vitamin Bi. 

Pantothenic acid is undoubtedly required by the human beings but 
at the present time we cannot even give quantitative figures for the 
requirement of pantothenic acid in animals. Again tlie pantothenic 
acid apparently affecta the requirement of some of the unknown 
members of the B complex in the animal; whether pniitothenic acid 
has a similar effect in human lieings needs further study. 

Another factor which has received a great deal of attention in 
Animal work during tiic past year or two is choline. Tlie serious 
diiliculties that an animal encounters when diets low' in choJine are 
used certainly suggest that studios on the importniice of choline in 
the human dietary should be madOi Here again we have an example 
of how the variation iu the amino acid content of our diet may 
affect the choline requirement since a high methionine intake tends 
to decrease the choline requirement and a high c3"stine intiike tench 
to increase the choline requirement. 

We must, of coum, recognize that much of our information re¬ 
garding the human requirements has come from nnimal experunenta. 
In fact if we had not relied upon animal work we would not have 
much information at the present time. But if we use the results 
from animals we must realize that there is great variation in the 
requirements of different species. This was first recognized, of 
course, in the of vitamin C when ruts failed to'require vita¬ 
min C while the human being, monkey, and guinea pig did We 
are finding more and more such dberepancies. The most interest- 
iug perltaps is the variation in the nicotinic acid requirement in dif¬ 
ferent species. The rat and chicken apparently do not need this 
factor preformed, while the dog is very sensitive to a laek of this 
fnetor. Appi.irftitly the huciiiTi bein^ nnd tliB dog Tery similar 
in their requirements for nicotinic acid. Wc are now finding that 


NUTRITIONAL REQUIREMENTS—ELVEaiEM tfdi 

the ruminant get along on diets practically devoid of the vita¬ 
min B complex because all these factors are synthesized by the bac¬ 
teria in tlic romeiu Recent work indicates that the rat can syn¬ 
thesize! some of the unknown members of the B complex and that 
high levels of pantothenic acid appaixiiitlj favor this synthesis 
If we turn to the guinea pig we find quite difieient results than 
those obtained with other animals. A young guinea pig fails to grow 
normally and dies in a few weeks when fed purified diets upon which 
rats and dogs may grow very well. We have found that these animahi 
will grow if we supplement the purified diet with dried grassj yeast, 
and fi'esli milk. Chicks also require additional amino acids and cer¬ 
tain factors from yeast before tliey will develop nonnally on synthetic 
diets. How these facts relate to human nutrition is not known, but 
these results do suggest the importance of additionul w^ork. These 
problems require all the ingenuity tliat chemists cun contribute^ 

In conclusion tlien, we may agree that tlie nutritional requirements 
of man tan be expressed in quantitative terms to a Tory extensive de- 
gi'ee. These values aiC: of great toportance in constructing adequate 
dicta provided we stiU obtain a. considerable proportion of the nutrient 
from natural foods. Tlie safest progmm for the futttre involves the 
improvement of natural and processed foods through restoration and 
fortification. Thus recent criticifcns leveled at the fortification pr^ 
gram are invalid because we are not adding enriched foods to synthetic 
diets but to diets that are already fairly adequate, Tlie fortification 
of foods like bimd merely brings the diet from a bordcrUiie ^nte of 
adequacy to on optimum and efRcient state. We tuuy not have all the 
knowledge for optimum fortification but as long as the use of natural 
foods is continued, the danger of imbaianco is greatly i^uced* 
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PAST AND PRESENT STATUS OF THE MARIN'E MAMMALS 
OF SOUTH AMERICA AND THE WEST INDIES ‘ 


By RoiietotON ICKIJJ30G 

CumtoVf DjHJtion of J/'fiiWJiKiJSp U. Afujicum 


Changes in Jho shore lines of the South Anierican continent, re¬ 
sulting from the subinergetioe and subsequent elevation of areas 
of varying extent at different times during that portion df the geo¬ 
logic past known as the Tertiary period, provide a succession of sedi¬ 
mentary formations from wliich have come an e^aential part of the 
factual evidence employed by paleontologists in reoonstmeting the 
history of the mammals during this period of the onrth'a history. 
Some of th^ sedimentary strata, when esamined critically, are 
found to bft ancient beached, estuaries, and river deltas, and, what is 
more important, to contain bones belonging to extinct types of 
marine manunals. By means of thcipa fossil remams the genealogical 
history of some of these marine mamntals can be traced with some 
degree of accuracy from the time they make their appearance down 
to the present. 

The history of the ^sea cows or s^lrcnians in the Western Hemisphere 
begins with a sircnlan {Pr&TOStotvms siTen&ide^"^ of uncertain rela- 
tionships, probably as old geologically aa any of the known ^fiddle 
Eocene siren Sana of Af rica and Europe, which was found prior to 
18&& in a calcareous sandstone nodule in the bed of a Jamaican 
River. During the succeeding interval of geologio time, the Oligo- 
cene, a later type of sea cow {Halit frequented the Carib¬ 
bean Sea, the remaing of one individual having been found in Puerto 
Rico. 

No cetaceans of Oligocene age are known to occur cither in the 
West Indies or in South America. A rather varied assemblage does 
make its appearance, howt^ver, in the Lower Miocene Patagonian 
marine fonnation of Argentina. Tim formation hm jnelded two 
distinct kinds of shark-toothed porpoises, a ziphioid beaked whale, 
a rather dubious relative of the iniid river porpoises, a long-snoulcd 

^ neprlnted hf PiPitdIjsIdd. wSth chauffft of UU* iiu3 extuul^e reTljSpiUr ftom Pwrt»aSllgl 
of th* AaiericAD SfifoUfle Congpmei, toJ. 3, IIH^. 
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porpoi^ unlike nny lining member of this groupj two different 
kind? of sperm whalesj imd three kinds of whalebonje whales. One 
of thc^^ wbalehono whales {M<>renocetU9 par^tm) ia tho oldest geo¬ 
logically of all known members of the family of right whaler (Bulae- 
nidae). The otlier two represent cetotheres, the precni^rs of the 
living furrow-throated whalebone whales^ 

Siembers of tlie family of river poriioises (Iniidae) ranged north¬ 
ward in the Atlantic Ocean to Chesapeake Bay and in the Pacific 
Ocean to San Francisco Bay during the JliiDCcnc* The late Miocene 
or early Pliocene Piso Entreriano exposed along the river hanks in 
the vicinity of Pa ran a, Argentina^ has furnished at least five kinds 
of extinct iniid rivor porpoises. From these were derived a number 
of snccec^ling types* In the course of geologic time moat of these 
types of ancient iniid porpoises disap])eaFed, leaving only two sur¬ 
vivors, the white flag porpoise in Tung Ting Lake^ Hunan Province^ 
Qiina, and the bouto in the Atna^on and its tributariea. 

Evidence is still lacking in regard to the main details of the deveb 
opniental history of the pinnipeds, NeverthelesSj it is now certain 
that at least one relative of tlie Becent hair seals {Fri 4 >nadelpkis 
r&vereft) was included in this late Miocene or early Pliocene fauna. 

Kemains of whalebone whales have been found in rocks of Pliocene 
age near Coquimboj Chile^ and also on tlie plains east of the port of 
Lomas, Peru. 

Ear bones and other miscellaneous skeletal elements representing 
one or more kinds of extinct whalebone whales have been found in 
the pleistocene Paiin>ean formation of Argentina. In contemporary 
deposits at OHvos in Uie Province of Buenos Aires, Argentina, a 
relative of the southern sea lion was obtained* In the mora recent 
deposits of Argentina, bmes representing a close relative of this 
sea lion seem to occur more frequently, 

SEALrNQ m THT? SOUTHEllN HESnSrHERE 

We now come to the period when man by his interference rndically 
changed tho origidal aspect of the existing marine fauna. We are 
so (nerwhelmed today with problems associated with the marketing 
of ever-increasing surpluses of cei^ab and liveiftoc^k pnxiucts that 
few of UB appreciate the situation confronting early colonists in 
the JTew World. Fats and oils were in constant demand and tlie 
colonists were obliged to utilize all available resources. Consequently, 
bison were slaughtered for tallow, while oil suitable for burning in 
lamps was readily obtained from scab, porpoises, and whales. Un¬ 
productive soil, tlie absence of remunerative employment in the vicin¬ 
ity of the settIcTueiits, and the increasing demand for oils and fat« 
made sealing and whaling an attractive occupation for residents of 
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many co^t TiUtiges, The reckless manner m which the^ murine 
resources were exploited, however* can hardly be ’iritncssed again 
once these ammals no longer exist in considerable numbers in most of 
the oceanic areaa where they were slaughtered during the past three 
centuries. 

IKDIAK eilAL 

One of the first animals in tiie JJew World to bear the brunt of 
man^s destructive proclivities wfl$ die West Indian seal (^Afofiachus 
tropicalis}^ It is recorded that Columbus (Kerr^ 18ll^ toL 3, pp. 
124, 32T) toward the end of August 14£>4, while cruising among the 
West IndiFin islands in search of a passage to Uio mythical province of 
Cipango, lost sight of the other vessels of his fiotiUaj and anchored 
off the south coast of Haiti* Sailors were sent to climb the rocky 
islet of Alta Vela and to scan the horiseon for the missing vessels. 
On descending from these rocks the sailors came on a number of 
seals asleep on the sands and killed eight of them. In such a manner, 
the seals of the New World became acquainted with the civilized 
white race, 

Spaniards from A^'ucatan and Englislimen from Jamaica before 
1675 (Dampierj 1705^ voL % pt. 2, pp. 26-27) sailed to the Scorjiion 
Islands north of Yueatfin for the express purpose of killing these 
seals for their oil. Sir Hans Sloane, who visitfi^l the Bahamas in 
1687-88, was told that West Indian seals were so numerous on those 
islands that fishermen took aa many as a hundred in one night. By 
1843, however, lliis jseal seems to have been restricte<l to the Pedro 
Keys off the south coast of Jamaica (Lucas, 1891, p. 616), to the 
Anina Islands lying between the Isle of Pines and Yucatan (J. A. 
Allen, 1880, p* 721), and off the noilhern coast of Yucatan to the tow 
simd spits surrounded by coral reefs known as the Triangle Keys. 
Large numbers of these seals wore killed on Triangle Keys before 
1856 (Lucas, 1891, p. 616). As late os 1900, however, a siiuiU colony 
of not over 75 was found by E* A. Goldman to exist on these keys* 
The present status of the West Indian seid hs uiiknowm 

fiOtTTIJEEN SEA UON 

Seals in the Southern Hemisphere, however, were not accounted 
on article of commerce until the leading seafaring nations of the 
w orld began the active exploration of the coasts of South America. It 
was not until these early navigators had siiled southward along the 
coast beyond the present hoiniJaries of Brazil that the soutUeni mvL 
lions {Oiaria fiavesc&ng) were discovered. These aniniak congregate 
during the southern summer on their breeding grounds which are lo¬ 
cated along tlie coasts of South America mostly south of the Lii Plata 
River on die Atlantic side and ns far north as northern Peru on the 
Pacific side, os well as on the Falkland and Galdpagos Islands, 
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Magellan in October 1520 recorded tlieir presence in the MagelMri 
Straits. Snbequent naTigatora were accustomed to providon their 
vessels with sea lion meat and to repl^^nish their oil supply from the 
blubber of this large seuL The e^^dition led by Simon de Alcazaba, 
for instancej in 15^5 took two or three hundred sea lions ou an 
island off the coast of Chuhuti Patagonia. Similarly, Sir Francis 
Drake in 15TT provisioned his vessels with some 200 sea lions killed 
lit Port Desire, Patagonia. 

Although sailors on subsequent voyages frequently salted hogsheads 
of sea lion meat for provisions, it was not until late in the eighteenth 
century tlmt the traffic in sea lion skins assumed any marked proiJor- 
lions. Accurate figures of die catch during these years are, however, 
not available. Nevertheless, some idea of tlie estent of the trade in 
tliese skins may he gained from the fact that at least 52,000 sea 
lion skins were taken in 1821-^2 by the shore crewa of the American 
brigs Al€(bmnA and Fr€{hrkh on the islands of Mocha and St. Marys 
off diecoosit of Chile (BoJch, 1000, p* 434) . 

Not even the colonies on the Galfipagos Islands escaped from tlie 
general slaughter. In 1815-10, the crew of the ship Volunteer of 
Now York loaded the skins of 2,000 sea lions and 8,000 fur seals that 
had been killed on these islands by the shlp^s shora crew (Fanning, 
1924, pp, 287-2&8). The hides of sea lions were used by the harness 
and trunk makers of New England. The demand for these hides, 
how'cver, was not so great as to cause the near extermination of tlie 
southern sea lion. 

Sealers are still taking sea lions on the South Falklimd Islands, but 
in accordance with regulations provided by a license Tlie 

take on these islands in 1930 amounted to 4,56B sea lions (Hamilton, 
1934, p, 313). Two companies lieeised by the Peruvian Govemment 
are reported to take from 75,000 to 80,000 sea lion skins annually from 
the rookeries located along tlio coast of PeriL 

sotmiEnN Et^pm^cT seat. 

At tlie end of the eighteenth century, elephanl seals were pret^nt 
in countless thousands on many of the islands off the southern es- 
tnemity of South Am erica, particu larly along t he Patagonian cooot, 
Tierra del Fuego and southern Chile, os well as on Juan Femand^, 
the Falkbmd Lslands, the Southern Shetland and Soutli Orkney Is- 
lands, and South Georgia* 

The records show that as early as 1TT4 vessels from Sew York 
and Nantucket w-ere outfitted not only for whaling but also for seating 
ou the South Falklands. The abundance of elephant scale and the 
current demand for oil led almost at once to the Indigorlmiaate 
slaughter of these huge seals* By 1600, the southern elephant seal 
fishery had reached considerable proportions. Gongs of men witli 
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limited provisions and huge 2^^-gallon trying pots were put sishore 
in shaIio |>3 at accessible beaches from sealing vessels anchored in safii 
harbors. Partial rmd sometimes full cargoes of elephant seal oil 
were shipped to ports in the Old and the New Worlds. 

From 1709 to ISIS, scaling vessels from Nantucket and New Bed- 
ford wetTC bringing back elephant seal oil from Patagonia and Staten 
Island. Similarly, many vessels sailed from New London^ Conn.j 
for the Falkland Islands and South Georgia. 

The absence of accurate records of the catch made by vessels engaged 
in thie busines^j makes it impo^ble to estimate tlie number of elephant 
seals killed on soutliern rookeries. StJine seaki^s held that an average 
of 3 barrels (94.5 gallons) of oil wng obtained from an adult olephanL 
seal, but both young and adults were killed. Tlio cargo of 1,^0 barrels 
of oil brought back to Stoningion, Conn., by the schooner Gift 
in April 1822 represented a kiU of at least 500 elephant deals, assuming 
that all were adults. Weddell in 1823 recorded that 20,000 tons of 
elephant seal oil, rcpreg^nting the dcalli of at least 62,000 animals, 
had been shipped to Lfindon alone from South Georgia. 

So oblivious were these elephant seals to the killing that was going 
on around them and so indiscriminately were the young and oh! 
slaughtered, that in a comparatively few years they were exterminated 
or reduced to a mere remnant along all the coasts and on tlie islands 
that had once been tlieir refuge- Elephant seals disappeared suc¬ 
cessively from the Falkland:^, Juan Fernfindez, South Shetland9^ South 
Orknej>'i Smitli Georgia and the coa^ of South America. 

During the first quarter of the nineteenth century^ elephant seal 
hunting was carried on chiefly by those engaged in fur senliug, but 
after the fur seals had been killed off some sealers continuetl their occu¬ 
pation of killing the elephant seal and boiling out ihe oil. The dis¬ 
covery of the Pennsylvania oil fields in 1859 brought a cheap iUumi- 
nant on the market and gave the southern elephant seal sonto respite 
from the hunter. Nevertheless, at South Georgia, particularlv, so 
many elephant seals were killed that they were practically extinct 
there by 1885. 

Discouraged by the general scarcity of elephant seals and by in¬ 
ability to compete with the low production costs of t>etr^lGuin products, 
southern scaling was largely abandoned before the close of the nine¬ 
teenth century. With the revival of whaling in Antarctic seas, the 
Government of the Falkland Islanii Dependencies began in 1210 to 
issuG licens&a for the taking of ciephant seals. These regulations 
soorn to have obtained the desired result since Matthews in 192T {1929^ 
p. 246) estimated that there were at least 100,000 elephant seals on 
the South Georgia beaches. 
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sotmrzRN ruR seal 

The first cargo of seal skins and Trhnle oil exported from the Falk¬ 
land lalunds was carried by Bougaiimlle’s ship, the AigU^ in 176B 
(Bojson, 1&24, p. 21P). AJtlumgh the history of southern sealing 
during the ensuing decade is not very well known, there are indications 
that ®cime whalers took seals as well as w'hales at the Falkland Islands, 

When Port Egmont was evacuated by the Brllidt garrison in May 
177-ti 10 American sealing and whediEg vessels were anchored in the 
Falkland Ishmds (IloyBoii, 1024, p. 2S5)- Fur seals were present in 
sr<ch numbers on one of the snialler Falkland Islands that eight or 
nine hundred of them were killed on one day (Dalrymple, 1775, pre- 
foce p. 1>)* Tlie beaches of Suundet^ Island were reported by a 
French sealer in 1778 to have been lined with fur and elephant 
seals (Boysonj 192 k p. 235). 

British sealers did not begin taking fur seals on these southern rook¬ 
eries until the beginning of the American Bevolutionaiy War, but were 
actively engaged in this fishery for nt least 50 years thereafter. Shortly 
after the signing of the general peace treaty between Great Britain 
niid the United States on September 3, 1783, the ship Stages sailcfl 
from Houston for the Falkland Inlands and on arrival there anchored 
in States Harbor. For two years shore crews from this ship were 
engaged in taking sirins of ftir seals and sea Ilona, and in boiling 
out elephant seal oil. Tliirtcen thousand of the fur seal skins taken 
on this cruise were landed in New York and then shipix^d to Cliina 
(Clark, ISST, p. 400), Subsequent l>v a nnmlicr of vessels were out¬ 
fitted in New England port.*? for this commciTud cnteriirisc. Among 
these were vessels fi^m New York and Btjston, one of w^hich, the brig 
returned to New York from the Falkland Islands in Jiino 1703 
with a full cargo of fur seal skins (Fanning, 1924, p. 13), Fanning 
in 1707 {1924, p. 2G1) foimd the rocks at the northeast head of Beau- 
chene Island literally covered with fur seals. By IBIS, however, fur 
seals had become scarce on all the larger Falkland Islands, but were 
£tiJl present in considerable numbers on Steeple Jason Island (Boy- 
son, 1024, pp. S3,236), 

These adventureni sailed boldly in tlieir small vessels to South 
Georgia, some 1.^ miles east of Cft|>e Uonif where fur sealing was 
eonducled with the same total dii^regard of the biological factors 
involved in tlio perpetuation of the stocks of seals. In the fail of 
1800,17 vessels arrived at Soulb Georgia, and during the ensuing sum¬ 
mer the fdione crews landed by these vessels killed 112,000 fur seals 
(Fanning, 1924, p. 218). The corvette A^paMa of New York alone 
brought back 57,000 fur seal skins. James Weddell in 1823 (lfiS5, 
pp. 53—54) calculated that no less than l;^y)0,0ClO fur seals had been 
taken at South Georgia since 1775. The records for South Georgia 
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show that 1,450 fur seals were taten in 1874, “great nambers” in 1877 
(K T. Allen, 19*20, p. 108), and 170 in IIJOO (lliUthewg, 1930, p. £55). 
These catches seem to have resulted in the final destruction of the 
South Georgia fur seal herd, altliough two w'ere seen on Willis Island 
in 1927 (MutUiews, 1929, p. 255), 

So merciless was tl)c slaughter of fur seals on the Falkland Island 
itjokeries by a constantly increasing number of vessele and so keen was 
the race to reach unexploited beaches that Britislt and American 
sealers were continually searching for new sealing grounds 

Sealers naturally w'ere reticent regaining their findings, and in some 
instances several ^-ears elapsed before the news of their discoveries 
leaked out. Such seems to be the case wltli the South Shetliind 
rookeries, located about 400 miles southeast of Cape Horn. Uncon¬ 
firmed re^jorts have circulated for nearly a century that American 
sealers had reached the South Shetland rookeries by 1812 (Ciilmnn, 
19^17, p, 176). Existing records do show that American and Britbli 
sealers were slaughtering fur eeals on these islands at least as early 
as 1819 ^Bagged Island, Fanning, 1924, p. S(H; Jlalch, I9ll9, pp. 474, 
477? Bruce, 1929, p. 38). 

To Col. Lawrence Martin, whose critical analysis of documentary 
data has contributed so much to the knowledge of the areas south of 
Capo Horn, I am indebted for the following information on the 
souUiern fur seal fishery in the vicinity of the Soutli Shetland Islands. 
Shore crews from something like 50 sealing vessels, about equally 
divided between American and English registry, were killing fur seals 
on these rookeries during the Antarctic seasons 1820-21 and 1821-22. 
Sixtecti of the American senliiig vessels are known to have trajis^xirted 
160,000 fur seal skins to Kew York and New England in 1821. Nine 
English sealing vessels are reported to have shipped 165,000 fur seal 
skins to Engliuid. Thus the total catch for tile Antarctic season 
1820-21 could hardly have been le^ than half a million fur seals. 

So ruthless was the exploitation of these fur seal rookeries, that by 
1829 most of the financial backers of this sealing business considered 
the risks too hazardous to warrant voyages to the South Slictlands. 
At that time fur seals had been almost exterminated on nil the acces¬ 
sible rookeries and the sealers were searching for new* sealing grounds, 
heverthcless, scaling continued wdth indifferent success for man v years. 

Forty years later (1871-72) sealers agmii canie to the South Shet¬ 
land Islands and in the ensuing 10 years killed off more than 90,000 fur 
seals there and on thu rookeries east of Cape Horn (Clark, 1887, 
p, 402). The few remaining survivors of the Siicllaiid Island rookeries 
seem to have been extemiinatefi by a Vancouver sealer in 1905-06 
(Anonymous, in Pacific Fisherman, vol. 4, No. 5, p. 20? No, 7. p. 19, 
1906). 
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About 1790, Britlsli and Amerkiui vesiiels engnged in Bperm whaling 
along the coast of Civile, as well as others that had embarked in the 
maritime fur trade along the northwest coast of North America, 
observed large fur seal rookeries on some of the South American 
coastal and gflfaliore islands. The American brlgnn tine Uanaoch sa iled 
from Boston, November ITBO, for Staten Lsknd. Jinny fur seals were 
killed by tho erew on Stntan Island before the brigantine rounded 
Cape Horn en route to Masufuera Island. Subsequently, this vessel 
stopped at the Hawaiian Islsndii and afterward sailed for the north¬ 
west coast of North America. After arrival tlvere on July 14,1791, 
the Ilajieock was engaged in trading with the natives for sea otter 
skins until siie sailed for China in the autumn of 1.791 (Howay, 1930, 

p. 122). 

Masafuera, a aiuaU [stand lying 100 miles west of Juan Fernandes, 
was one of the most important of these fur seal rookeriea. On this 
island, a slvore crew landed by the ship Eliza of New York in 1792 
killed 37,000 fur seals, the skins of which were carried to Canton, 
China, and sold in March 1793 (Delano, 1817, pp. 196-197; Clark, 1887, 
p. 407). 

A shore crew landed from the American ship Jeffers&n of Boston 
obtained 13,000 fur sea) pelts on St. Ambrose Island during August 
and .September, 1792 (Howay, 1930, p. 130). During 1793, tlie British 
sloop Rattler put into the Galapagos Islands for salt which was to be 
used in salting fur seal skins at St. Felix and St. Ambrose Islands, 
located oflf the coast of Chile some 500 miles north of Juan Formindez 
(Jenkins, 1921, p. 214). 

From then on to 1807, the business of killing fur seals along the 
Chilean coost was prosecuted with unremitting vigor and at times 
shore crews from as many as 12 to 15 vessels had camps at Masafuera 
Island. Gangs of men put ashore in 1798 on Mnsafuenv by three 
Americiu vessels (ship Burday of New Bedford, brig Beteey of Ston- 
ington, Conn., and ship Neptune of New York) killed some 60j000 fur 
seals- By 1801, the sealing fleet on the const of Chile numbered 
upward of 30 vessels (Fanning, 1934, p, 223). A few of these ships 
carried 60,000, and one at least 100,000, fur seal skins to the market at 
Canton, China (Clark, 18ST, p. 4Q2), where tliey were exchanged for 
merchandise to be sold in the United States. 

The rookeries on these islands had 1>ecn so thomughly ransacked in 
a period of 15 years that sealers could no longer ei|ittt to make a 
profit by going there, and by 1824 fur seals were practically eitenni- 
nated on both Juan Ferniudez and Ma.safuera (Morrell, 1832, p. 130). 
Estimates of the number of fur seals killed on Masafuera and Juan 
Fci nfindea Islands during this period range from a million (Fanning, 
1924, p. 80) to more than 3 million (Delano, 1817, p. 300). -Although 
the virtual destruction of this portion of tlie southern fur seal herd 
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WHji accomplished at Lh^ beglmiing of the nlDetecnth centuryj a few 
persisted for many years on inaccessible rocky ledges. As late as 1898, 
50 fiir seal pelts taken on Juan Fernandes were sold in London 
{Cabrera and Yepes, 1940^ p. 181). 

Although the English sealer George Powell and the American sealer 
Nathaniel B. Palmer failed to locate any fur seals in 1821 on 

the South Orkneys, this do^ not necessarily indicate that fnr seals 
avoidetl these islands. Them am no available records of fnr seals 
having been takej^ on the S[iuth Orkneys during the tierlixl of iin- 
icstricted exploitation. Dal!man, however, during the first S months 
of 18T4 took 145 fur seal skins in the Sandefjord Buy district at tlie 
ssouthwestern end of Coronation Iskric! (Harr, 19S5, p. 511). 

Spanish sealers were taking a relatively small number of fur seals 
on the rocky islands along the PulagMiiiun coast during the last d^ade 
of the eighteenth century. Vaikkee scalers, bow'ever, were constantly 
raiiting tliese islands in defiance of prohibitions, bat often in conoiv- 
iiiice with local officials. One such example was tlie ship Neptune of 
New' Haven, which from January I to February 16, 1T08, took some 
5,D00 fur seal skins from the rookery on n siuull island off Port Desin.^ 
Patagonia (Clark, im, p. 462-4fi4). 

4Scali!rs rounding Capo Horn occasionally landed shorn crews on 
Diego Rand mss, Staten Island, and other nearby small islands for 
the purpose of taking fur seals. It is evident tliat as late as 1828 fur 
seals were fairly numerous at the southern extremity of South America, 
since the scliooner Penguin of Stoninglon, ConiL, took 4,000 fur seals on 
Staten Island that year (Balch, 1909, p. 485), The schooner JUonti- 
celh of Baltimore in 1833 and the schooner P-Wolf of New^- 

port in 1839 returned fnan islands around Cnt^ Horn with cargoes of 
2,500 and 2,000 fur seals restjectively {Claik^ 1&8T, pp. 451, 453). 
Intermittent slaughter of fur seals on these Islands eonlinued during 
the remainder of the nineteenth century. During (he summer of 
189S-^, the crew^ of Llie j\jiierkan hark Hunt salted 

down the pelts of 1,^100 fur ideals that had Ijecn killed on Diego 
Kamfrez. No information of a later date on the condition of the 
rufjkery on this island seems to be available. Betw^een 1882 and I892j 
ihe crew of the ship Nassau was reported to liave killed annually an 
average of 3,500 fur Kcab? ut Tierni del Fuego and neighboring islands 
(Cabrera aiidL Yepos, IIW, p. 181)* The last reporteti catch from 
rookeries near Cape Horn, iinJ that only 036 fur seal skms, was 
carried to Nova Scnti]t in 190G by the Vancouver sdiouner Ediih 
Balcom (Anonymous, in Pacific Fislicrman, voL 4, No. 5, p. SOj No. 7^ 
p. 19,1906). 

Aside from the ntthcr ineffectual attempts of SpanisU and Argen¬ 
tine governors to reslrict the killing of the fur seals oti the Falkland 

501 ^ 1—13 - 21 
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I&kndia, fur waling was never directly «iipervj$ed by the govenmientri 
in the Southern Hemisphere during the eighteenth and fiineteeutb 
centuries. 

The rookeries od the Uruguayan coastj located for the most part on 
tlie Corofiilla, the CastilioSj the Torres, and the Lolxjs groups of 
islands, wcv^ lea^sed to commeii-ual sealeis; beginning m 1^3^ But 
here again, recklesa conimarciftl exploitation of these rookeries idl but 
exLeruiinatec) the nuimals. For the S5 years ending in ISOT, tlie aver- 
age kill of fur seals was nearly 15,000. In 1910, however, the 
Cniguayan Government commenced sealing on it a own account and 
at the time of Dr. Hugh iL Smithes visit in Dt^ceniber 1922, the rookery 
in the Lobos Island group was doubtfully estunate:d to harbor some 
20^000 fur seals (Smith, 1927, p. 281), 

Today only a few scattered mdividuois exist in tlie eutiro British 
Falkland Island Dependency Claim, a relatively small nunilK^r of 
individuals have found refuge on the ri»keries along the Uruguayan 
coast, and imother ^unall remnant maintains a precarious existence on 
islands along the coast of Peru. 

Xo chapter in the story of wanton destruction of wild life contums 
so many obvious lessons as that of tlio southern fur seal fishery. It k 
noiy upparent that the values ticstroyed in the avaricious hunt for fur 
seals were many tinier giTater than the moneys received from the pelts 
markete(i, since the breeding stock that should have been mointaitied 
for the future harvesting of the annual surplus was destroyed on every 
accessible ri>okory. During the period of ruthless cxploitut ion of the 
southern fur seal rookeries, the principles of wdld life management 
were totally disregarded by the governments cosicomed, even though 
certain officials, notably Capt, Jamc^ Wetldell (1827, pp. 141^142), did 
not hesitate to call attention lo the inevitable destruction of this eco¬ 
nomic asset if tlie practicts then in vogue were contlnueft Conserva¬ 
tion w'Bs either deemed im|>cw^ib1e or not worth llio etfort* 

Had Ecientihe management of the soutlioni fur seal herd been pruC' 
ticeil at the inception of e.tpIoitation or at least before the rookeries 
had been seriously depleted, an acieqimte annual profit would bitve 
accruetl to all the governments having jurisdiction over such rookeries. 
The devastating effects of this excessive slaughter have not passed 
unnoticed, but no serious effort 1ms been made to remedy the existing 
situation. Xovertlieless, it is not too late even today or impractical 
to attempt the restocking of fur seals on tho^ rookeries, long sIucb 
atiftndoned, where adequate patrol and protection can be maintained^ 

W'll VLIN<3 IN THE fe<JtrrHEeN HEMi.^PIlKRE 

It may appear surprising that whaling in the Southern Hemisphere 
did not commence until stocks of whales in Arctic w aters were mark¬ 
edly dcpleteib Ona contributing cause was the presence of pirates in 
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the West Indies. Another factor was the slow development of the 
practice of erecting try-works for rendering the oil on decks of whaling 
vessels. 

Nevertheless, sperm-whaling sloops from New Bedford and other 
Now England ports mre cruising southward toward Bermuda as early 
as 1756 (Ashley, 1938, p. 37) - HumpbackB and sperm wliales, however, 
were taken by local residents of Bermuda, according to colonial records 
(True, 1904, pp. 27-^29), during the years 1665,1667, and 1668, and this 
^lery continued in a desultory fasliion until 1749 or later. 

Tlicsc New England whaling ships while searching for sperm whales 
apparently did not cruise among the West Indian islands until after 
1760, but ^metime before 1770 one or more vessels crossed the Equator 
in the West Atlantic. 

Diinng the period between 1771 and 1775, there were from 121 to 132 
American vessels engaged in the southern whale fishery (Jefferson, 
1876, p. 6) on both sides of the South Atlantic. Sperm and right 
whales were hunted along the coast of Brazil from tlie Equator to off 
the mouth of Ia Plata River and thence southward to L« jlaire Strait 
between Staten Island aitd Tierra del Fuego. Three of these Yankee 
whaling vessels, tiie brig of Boston, tJie rtup ThoTiiaa of Cape 

God, atid the ship King George of Rhode Island, anchored at Port 
Egmoiit in 1774 (Pfenrosc, 1775, pp. 67-70) and seven otliers not specifi¬ 
cally mentioned by name were Imown to be elsewdiere in the Falkland 
Islands that year (Jenkins, 1621, p. 235). 

British whaling ships sniletl for tlie coast of Brazil and the Falkland 
Islands in 1775, Before 1784, British vessels Imd made 76 voyages to 
these whaling grounds (Jenkins, 1921, p. 209). Six whaling ships with 
harpooners and crews from Nantucket were fitted out for the southern 
whale fishery in 1784 at Dunkirk, Franco (McCulloch, 1832, p. 1116). 

BritUJr vessels, like wise with crews from Nantucket, rounded Gape 
Horn about 1788 (Starbuck, 1878, p. 90) and commenced sperm whaling 
on the coast of Chile. They were followed by American whaling ships 
whicli actively participated in the exploration of the Pacific and the 
exploitation of sperm whale stocks in thoise waters. 

Hazards of capture during foreign and domestic wars, adverse con¬ 
ditions at home, variable insurance rates, restricted markets, and violent 
fluctuations in the market prices for si>erm and whale oils kept the 
whaling business in a continual state of uncertainty. 

Nevertheless, in tlia first half of the nineteenth century as many as 
five or six hundred vessels were employed in hunting sperm and south¬ 
ern right whales in the South Atlantic and Antarctic Oceans (Boyson, 
1^4, p. 220). 

Sliortly afterward the general scarcity of sperm wlmles became ratiier 
noticeable and the industry began its decline. Statistics for the year 
18.58 Indicate that 68 ships were expected to return to Nantucket, Mass., 
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wltli a lotd los 3 of Ii miUion dollars to the ownety. A few of tlicse 
’w'liQlinfj shii^)9 continued whaling" after ItKlO, hut the great ^ys of tlie 
southern rigid whale and sperm whale fishery have long since passed 
into meinoTy. 

The rise, climai, and decline of the whaling industry has been rwn- 
actfld tJJiio and again as the result of overfishing for particular Mnds 
of whales, not only in the Southern Hemisphere hut in all the waters 
of tlie world. 

The modem periofl of however, bepin Hjmo 72 years 

with the inTcntton of a switpI harpoon gnn by a Korweglan named 
gvend Fojm. It was not tlie swivel giin aloDe, but the esj^losive hftad 
which WAS fitted to tho htir|>oon that enabled the whaler to master the 
huge furrow-throuted whales. Tlie mpK! attachfxl to Llie harpoon was 
strong fiiiough to raise the earcass to the surface w hore it was inQate^I 
with air, ^ that it would float. 

At the beginning of the twentieth century it became apparent that 
new methods of njjcratiiig were necessary^ if the industry was to avail 
itself of opportunities in more distant fields. Hence in 1904 an enter¬ 
prising Norwcginn operator converted the steamer Admiralen into a 
floating factory and l>cgan wluiliiig around Spitzl>ergein Having 
found that a floating factory was free to move as conditions required, 
the Admiralm began whaling operations in the Antarctic near the 
Falkland Islands in 1905. The whaling tackle used in this fishery 
during the first few yean^ was not suited for inking such powerful 
whales ns the blue whale, which reaches a leugtlL of 100 feeL Soon, 
however, whale-catcher l>oats with adequate equipment ivere built. 

A modem wdiale catcher is a steamship somewhat similar to a trawler, 
but equipped with more powerful engines. It civrrieA a crew of IS to 19 
men, izu^luding the master and gunner, and at least 1 cook, 2 firemen, 
3 engineers, 0 sailors and u wireless operator, all of whom live in the 
nio^t crowded quartern imaginable* Mounted in the bow of one of these 
boats is a maneuverable cannon that fires a harpoon weighing more 
than 100 pounds, and is fitted with strong hinged barbs that open after 
it hns entered the body of She w'hflle. The hend of the harpoon also 
contains an explosive gienade that is fired by contact with the wlmle. 
The gunner, agisted by the lookoiile in the crowds nest, scans the ice- 
filled waters of the Antarctic, the richest of all whaling grounds, for 
his quarry* Wlicn a whale is sighted the pursuit continues relentlessly 
until the victim ia harpooned. 

Once the harpoon has reached its mark, the whale is doomed, and 
although it may dive to some depth in its death throes, it is slowly but 
surely drawn to the surface by tlie steam winches of the whale-catcher 
boat. Usually the next step is to hatd the dead whale alongside the 
whale-calchcr boat where a hollow lance attached to a compressed-air 
hose is trust into tho body in order to inflate the carcass so dwi it will 
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float. Then a flag is stuck into the carcasa before it is cut adrift to he 
picked up later and tovred to the factory ship. When two or three of 
these whales liave been captured in this manner, they are towed to the 
factory ship or shore station, where their coreasses are dealt with 
preoiptly and efficicjitly. 

During the first few years the floating factory shiiia were steam- 
ere of 3^0 to 6,000 tons. During this iwriod also, tlie whales \vere 
cut lip alongside the factory ships?, and the blubber and the head 
were hoisted on board. For more nitional use of tlio carcass these 
factory ships have been constantly improveth The large ships now 
ill use art! provided with u slipway, usually located nt the stem 
above the propellers, on which the whale carcasseB are drawn to 
tlia main deck by steam winches. AVithln 1 or 2 hours, the mam¬ 
moth corpse is processed down to the Inst scrap of flesli. 

The dead-weight tonnage of almut half of the factory ships now- 
in operation Is around 20,000 tons. The Tt-rje Viken, the largest 
of them all, is 633 feet long and is rated at 30,000 dead weight tons. 
Ten whole-catcher boats arc needed to kill sufEciciit whales to keep 
thLs factory ship operating 24 honrs a day. Something like 418 men 
Lomprlse the crew. 

The perfecting of tlic kerosene lamp, of the gos mantle, of the 
electric light, and the deflating of women’s giirnieiits gave tlie whales 
a respite for some years, but a sudden demand for the glycerine 
needed for the making of rnnmtinition for the destruction of men 
gave the Onal imRictus to these animals’ fast approaching doom. 
Prior to World War I glycerine was a mere byproduct of the soap 
nmkere. Then came the enormoug demand for this substance to be 
used in the manufacture of munitions. As whaling operations were 
necessarily Mispendctl in the North Atlantic on account of the war, 
the active modern exploitation of the Antarctic field began. 

Whale oil is now used principally for soap, with glycerine as a 
byproduct, for tlic manufacture of eilihle fats such as margarine 
in Euroiic, and to u lesser extent for leatlier cniTying, fiber di-essiiig, 
face creams, unguents and ointments. In addition to this oil, a 
furrow-tilroateil whale of average size will yield about 4 tons of 
meat, bone, and fertilizer. As ii result of improveil nictliods of 
pursuit and h arid ling, as W’ell as tile discovery of liCiv uses for 
whale oil in such things ns margarine and eoameties, the search for 
w'lialcs is now more active than ever. 

The present century has witnessed large-scale killing of whales by 
relatively few ships. When World War I ended, it was expected 
that the demand for whale oil would drep off, but inateud the total 
world production rose from 362,000 borrels in 1919 to 1,M0,408 bar¬ 
rels in 1&2S. Since then the total Anturetie production of whale oil 
has iucteased year by year, the umounl obtained in 1937-38 being 
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S,340,3^ bam Is. The bulk of tbhs oil came from finback and blue 
whales. During 1937-38 alone^ 54^664 whales were slaiighteied, the 
hirgpst number ever killed in one year^ Of theses 46,039 were taken 
in Antarctic waters during the 9T-day season extending from De¬ 
cember 8 to Maroh 15 by 256 wLale-calcher boats operating with 31 
floating factories and 2 knd stations. 

In the interval between 1904 and 1939^ nearly 200,000 whales have 
been killed in the vicinity of the British Falkland Island De- 
pendoncy Claim, which comprises South Georgia, South Shetlands, 
South Orkneys, and the Palmer Peniiij^ula* Of these there were 
about 37,000 humpbacks, nicro than 75,000 finhiicksj nearly 60,000 
blue whales, about 4,000 sei whales, 590 right wlutles, aud less than 
1,000 sperm whales^ 

ITore tlian half of the 15,000 or more whales captured by shore 
stations and floating factories operating along the coasts of ChUe, 
Peru, and Ecuador have l>eon i>i>erm whales. 

The first clear indication Ihot the stocks of whales in Antarctic 
winters were being decimuted come during the season of lOS'fi-ST, 
For several years prior to that sea^n, blue whales outnumbered fin¬ 
backs two to one ill the amniial catdics. The returns for tho 1900-37 
season revealed that for the first time more finbacks (14,381) than 
blue wholes (14,304) were taken. The next year, 1937-38, 14,923 
blue wdiales and 28,009 finbacks were caught. The same condition 
prevailed in 1938-39 wdien 14,081 blue whales and 20,784 finbacks 
were killed. 

Tlie blue whale has been the mainstay of the An tare tie w'hale 
fiiilmry* This whale occa^iotiiiUy reaches a length of lOO feet and is 
the largest animal know^n to have lived on this planet. It has been 
calculated tliat the oil, fertiliser, and other products obtained from 
a 75-fool blue whale will ef|ual that obtained from either tivo fin¬ 
backs or two sperm whales totaling 110 linear feet, or from three 
humpbacks totaling 120 Linear feet, or from four sei whales totaling 
200 lineJir feet. 

Much has been written regarding the enormous expansion of the 
whaling industry m recent years. Warnings have been given re¬ 
peatedly that tho scale of operations and ttie methods employed 
constituted a menace to the maintenance of the stock of whales. 
Whalers contended for some time, however, that the Antarctic cir¬ 
cumpolar waters constituted a vast reservoir of whalers and that 
those killed were replaced naturally by migration from inaccessible 
areas. 

Neverlhele^, some of the large whaling companies begun to ci^ 
press openly some misgiviiigg about the future of tho industry if 
the prottiLBcuous killing of whaler continued unchecked. Shortly 
afterward, some of tlie governments, whose nationals were engaged 
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in whaling, esi>ressed their serious concern at tlie increusing tnagin- 
tude of whaling operations id the Antarctic, whicJi }iad now reached 
such proportions that restrictive lueasures w’ere urgently required 
if the future of tlu: indusrtry jiot to be gravely endangered. 

Although there were many difficulties in the w ay of adoption of such 
ineu 5 urv..s^ it was ree^ignized that^ in the interests of conserving the 
stocks of whales, this could be accomplished only by international 
action^ On April 3,1030, a committea of experts met in Berlin at the 
request of the Economic Coiiuiiittee of the League of Nations to con¬ 
sider the feasibility of international regulation of the whaling in¬ 
dustry^ The draft convention prepared at this coiiferoiice^ after hav¬ 
ing been moflified in certain minor restHvts*w'rts ratified by 17 countries 
and acceded to by 8 others. This con^’ention, however, did not come 
into force until Januaiy 16, 1935. By its provisions^ full protection 
was given to all kinds of liglit whales; the taking or killing of calves, 
and females accompanied by calves^ was prohibited; and tlie fullest 
possible use of the carcasses of all wduUes taken was requiredi 

The first restriction in pelagic whaling operationsj however, came 
in 1&32, purely as the result of economic necessity. The whale oil 
market was glutted and the Norwegian fleet remained in port* The 
foDowing season, iufiuenceft in part by the world financial crisis, all 
the companies, with one exception, agreed to restrict production to 
2,000,000 barrels of whale oil. 

Faced with the prospect that there would be no voluntary tiniltatimt 
of production during the 193A-35 seas«Hi, the Nonvcgian Government 
found it necessary to conrider amendments to the Norwegian Whaling 
Act to regulate the industry. It was rrcogiiized that the high standard 
of efGciency attained by the factory ilireeteried the perpetuation 
of whale stocks^ Consequently the Norwegian Trialing Act of 1934 
conferred on the Crown the iiuthority to restrict the whaling season 
to certain periods of the year, to enforce total utilization of tJm wlmla 
carcass, and to prohibit the killing of iindei'islzed wliales* 

In I93fi, the Governments of Great Britain and Norway pledged 
ihemselves to curtail the season everywhere south of 40^^ south latitude 
to the 90 days between December 8 and March 7, and to limit the 
number of whale-c^itchcr boats operating with each floating factory. 
Be pea ted conferences between officiuls cif these two Governments led 
io the calling of the Intematjonal Conference for tlie Eegulstion of 
Whaling held at London during June 1937. Stringent regulation^ 
or **game lawp,” covering the minimlun legal size for whales of each 
s|jccie3, and prohibiting the killing of females accompanied by calves, 
as well as all right and gray w^liales, w^ere draftetl for approval by 
the Goveriinients of South Africa, Argentina, Australia, Germany, 
Great Britain, Eire, New Zealand, and llic United States, Tliia agree¬ 
ment came into force as regards the United Stated on May 18, 1930. 
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Under the terms of this agrcciiieni, factory ships are barred from 
operation on the calving grounds of and are obliged to make 

the fullest possible use of the whole caitiass. Some minor modidca- 
lions were written into the Protocol of June WaS, including the pro¬ 
tection of the decimated stocks of humpbacks in Antarctic waters and 
the establishment of an Antarctic whale sanctuary between the Boss 
Sea and CnjKs Horn. 

Wo are now witnessing what^ without much doubt, is the Iasi pliase in 
the history of whalings fur nftor the culmination of the present ex¬ 
ploitation of the Antarctic sea^j where in the past 40 years more than 
750j000 whak^a have been killed^ no unesplorcd seas are left to be 
harvested. 

If the exploit a thin of the whale stocks continues on the present scale^ 
the time must soon arrive when the la^t remaining stocks of wliafes 
will be so depleted that it will be economically iinpo.^sib1e to ofHurnte 
the great floating factories. One more of naliire\s Ijonntics will have 
been e[icrific‘ed to inan^s gi^d. 
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tfcMtoT Bloiogitt, FitK and TFAtfilfe AVnpiw, [/. B. JJfparJfti™* 0/ fAe Interim 


^Witil ^ pUt€m] 

The musk oi, one of the most interesting marnomls of the bleak 
jiLrctic, has returned to Alaska, and while little is known of Its disnp' 
pearanee from that region more tlian n century ago, its return is boldly 
written in what is perhaps the most dramatic chapter in tlw annals of 
big-game conserration. Indeed, this remarkable undertaking of rein- 
tr^uciiig a game animal into its ancient habitat has few parallels in 
couserration history. 

To reestablish their kind in our northeni territory, the musk oien 
Were transported by boat and by railway a distance of approiimately 
14,000 miles, the longest and merst hazardous journey in the liistory of 
transplajiting any mammal for restocking purposes. Captured in 
Greenland, die aninials were shipped by boat to l^rgen, Norway, and 
tlien to New York City. There they were crated and sent to battle. 
Wash., oil express railway cars, to be loaded again aboard a boat for 
Alaska. More than 2 months were required to move tlve animals from 
Greenland to Fairbanks. Despite tliis record-breaking journey, the 
lietd, consisting of 54 animals—15 males and 19 females—arrived at 
its destination in splemlid condition. 

This was in 1930. Nine years later, in 1939, when the herd was last 
counted on Nunivat Island, where it was i-eleoscd, it numbered 60, 
Biologists have full faith that the animals will continue to increase 
and in time he of sufficient niuiilier to permit restocking of other areas 
in Absko. 

But before reviewing this amazing undertaking, it may be well to 
consider the mush ox and its bleak tiabitat. The term “Arctic,” to a 
great many people, suggests a desolate, ice-bound land—or water— 
where little life is supported. However true tliis may at first appear, 
there is error in such thinking. In our sa-call«l Arctic wastes may lie 
found a profusion of bird and mammal hfe in season, such as many 
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species of migratory waterfowl, fur bearers, Arctic halts, lemmings, 
caribou, wolves, and musk oxen. 

The greatest concentration of wildlife in the so-called Arctic wastes 
is to be found during the late spring and summer motiths, following 
which nearly all the mammals either hibernate or, along w'itli the birds, 
migrate to a more suitable winter habitat. Of tlie mammals which 
neither hibernate nor to any great extent migrate from this chosen 
Arctic home, the musk ox is capable of contending with some of the 
bleakest laibitats found anywhere. 

This picturesque mammal was first discovered in North America by 
intrepid nortlLern explorers and traders near the dose of the seven¬ 
teenth century. Althnugli, as may be conjectured, the musk ox is 
related to wild and domestic cattle, it is generally smalter tlian most 
breeds, though some of the old animais have weighed 900 [xaiiida. From 
the tip of its nose to tlic end of its short ratlihe fail, the musk ox is 
nearly S feet long. As with most mammals of tile cattle type, the 
adult bull is larger than the female. The young, one baby calf, is gen¬ 
erally born ill April or in early hlay, and this calf is reared in the 
valleys of the Arctic hills, momitains, and tundra flats, Hera a pio- 
fusion of Ecdg^, grasses, and slirubs blo^om in the fast-growing short 
spring and su miner, and from diese the herds with the young taka their 
subsistence- These herds are generally small, averaging from 5 to 13 
animals. 

Arctic summers usually disappear with great suddenness, leaving 
little semblance of an autumn, and early snows cover much of the 
musk ox's food. With this quick disappearance of fresh grasses tlie 
mammat turns to dwarf willows, saxifrage, and other herbaceous 
plant.s and grosses which it obtains by pawing through the snow with 
its broad hoof. 

Two of the uatui-al enemies of the musk ox havo been the Arctic wolf 
and the isolated tribes of primitive man, such as the Eskimo and the 
Indian. Against these enemicsthis interest tng and foniiidubl e appea r- 
ing Arctic creature held its own in fair numbers. The modem fireano, 
however, coupled with jiredation and the take by tlie northerimiosl 
tribcE, spelled its doom. 

Originally, musk oxen occurred from Alaska eastward to and in¬ 
cluding Ellesmere tslcind. Crosang Baffin Bay, and still eastward, 
it was again encountered in tlie coastal fringes of Greenland. Adol¬ 
phus W. Greely, leader of the famous Greely Arctic Expedition in 
tlie early eighties, found the animal near old Fort Conger, approxi¬ 
mately 1,100 miles north of the Arctic Circle, on Ellegmere Island, 
and points vrestwanj. Greely's men captured calves and attempted 
to tame them, with the result that soma became docile and tractable 
oven to the extent of hauling in teams. The chief difficulty was to 
keep the sledge dogs of the expedition from killing them. 
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Today the mufik os luis disapiJeJired from much of its original 
Arctic domniii. The use of modem hieanus against tlie musk os, 
which began 40 years prior to the advent of the present century, 
has been the greatest contributing factor. For a time its skin wos 
utilized in the fur trade; nortiiem whaling crews killed many ani¬ 
mals for food; then the formidable heads with sharp, curved horns 
became highly prized as trophiea. Canada, taking cognizance of tliis 
condition, some years ago set up a nmsk ox sanctuary of approxi¬ 
mately 15,00(1 square miles along the Thelon River east of Great 
Slave Lake in the Northwest Territory. 

Research boa failed to lind any authenticated occurence of the musk 
ox in Alaska since it was first explored by Europeans. The vario^ 
tribes of natives in the Territory, however, state tliat tbe animal did 
occur there iihont 100 years ago. Also, remains of the mammal have 
been found in Alaska; and it is known that ptirtions of the Territory 
are suitable for musk oxen. 

So, in 11127, resident Alaskans pivsenied a memorial tlirough their 
Territorial legislature addressed to the Senate and House of Repre¬ 
sentatives of the United States requesting fmids to purchase a small 
herd of musk oxeii. This plea came to the attention of the late 
Senator Peter Nor beck of Soutli Dakota, that grand old man of 
conservation, and Representative C. C, Dickinson of Iowa, later a 
Senator from that State. Together with Irving McK, Kecd, tlicn a 
member of the Alaska Game Commission, they obtaineil favorable 
action by Congress for an appropriation of $40,000 to be used in ob¬ 
taining a herd of musk oxen and transporting the animals to Alaska 
for restocking purposes. Tliia action was approved by tha Presi¬ 
dent on May 27, 1930. The agency of the Federal Government to 
which tills undertaking was entrusted was the Bn roan of Biological 
Survey of the Department of Agriculture, later transferred to the 
Department of the Interior, and during tlie past year combined with 
the Bureau of Fisheries into an organization known as the Fish and 
Wildlife Service. 

By the time tbe appropriation became available musk oxen in 
Nordi America had be^me so reduced in numbers that it was im¬ 
possible to obtain surplus tinimals. Finally, contact was made with 
Jolis. Lund of Aalesund, Norway, who was familiar with the tech¬ 
nique of capturing musk oxen alive in Greenland. To him, therefore, 
was given the contract and task of rounding up a herd of iH animals. 
'The Grwnland musk oxen differ somewhat from those that formerly 
occurred on the continent of North America, foremost in that tliey 
are slightly smaller. However, from n practical game-management, 
standpoint, the differences are negligible. 

Tlie majority of these Greenland musk oxen wore roped by Jlr. 
Lund ami transferred from the mainland in whaling hoaU to u. ship 


320 ANNUAL REPORT SillTHSOKlAST IN&TlTTmOK:, 19-12 

which curried them to Bergoii| Xorway. They placed in spe¬ 
cially constructed crates which permitted the aniuials to stand or to lie 
down in comfort. Grasses and Jmy taken in the locality of their 
cspinre provided suitable food. 

On September 6^ lySO, the herd of M animals:, half of them, c^ilves, 
the remainder yearlings and 2-year-olds, was shipped from Bergen 
and 10 days later arrived in the port of New York. From there 
they were removed to Athenia, K. J,, where for 33 days, in accord¬ 
ance with Federal rei^ulotionSj tliey were held in quarantine. This 
procedure was necessary to be t^suretl that such diseases as foot-and- 
mouth disease and rinderpest were not pre^sent in the herd. During 
tlib interval two experts froni the Baologiral Survey wore placed 
in charge of tlie animals, and American-grow'n alfalfa hay^ became 
their main fgod^ About 5 pounds of hay an animal were consnincd 
daily along wnth coiisiderable water, the latter pi^babiy caused by ex¬ 
cessive heat on the Atlantic seaboard and, in addition^ to tliirst- 
caused by the great environmental change. 

At tlie end of the quarantine period, the animals, still in their 
individual crates, and well eupplied with hay and water, were loaded 
into steel expiess cars for their 5-day trip to Seattle. At this point 
they w^ere again placed aboard a boat for the week’s journey to 
Seward, Alaska j then in freight box cars, they made the rail trip 
norlhwafd to College, near Fairbanks. They arrived at tins de^- 
nalion on Novemljer 4, and on tlie following day, near the civinpus of 
our most northerly institution of higher learning, tlie University of 
Alaska, were released into a 7,500-acre pasture—part of the Biolog¬ 
ical Survey-g cooperative reindeer experiment station. This w aa to be 
their home for the following 6 years—years of care, study, and ex¬ 
periment. All the musk oxen reached College in splendid couditiou. 

Accidental injuries rcducctl the herd to 32 animals sliortly after it 
w(^ placed in tlie posture. These, Iiow^ever, soon responded to han¬ 
dling and could be driven easier than reindeer when it was desired to 
corral them. While under observation at Uiis point, it was found 
that in spring and fall the animals fed chiefly on grasses and sedges;, 
in summer on alirubs, and in winter on cure^l grasses, sedges, and, to 
some extent, on lichens. Uy 1932, tlie henl w^as further reduced, 2 of 
the animals falling victims to bears. 

In April 1934, the first of tlte calves were born, and in May and June 
additional calving took place. There wore nine 5 year-old cows at 
this time and seven of tlicui gave birth to calves. Four cows that were 
4 years old did not breed. Of the original 34 animals brought to 
Alaska, 10 had died by 1934, leaving 24 of Lite original herd and S new 
calves, a total of 29. Additional ealviug during die spring of 1035 
brought the herd to 32. 
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It was ascertained up to this time that apparently the musk 03 t does 
not breed until 4 years of age, and calves at 5 years. It was also found 
that the gestation period is S months rather than 9 months, as pre¬ 
viously believed. 

In the stitTitner of 1935 the first of these musk o^an, two adult bulls 
and two adult cows^ were liberated on Nunivak Island in the Bering 
Sea. Unfortunately, a tliird cow wa& killed en route. 'Iliis island 
lies approximately 25 miles from the mainland and south of the moiUl'i 
of the Yukon Kiver. It is about 40 miles wide and 70 miles long, 
containing nearly a million acres of superb grazing land* Also, the 
island is completely free of all predators, such as bears and wolves. ^ 

In 1936, when checks indicated (ho four animals were doing well, it 
was dotermiiied to liberate the remainder of the herd tliere. Tlie anb 
mals were accordingly rounded uj> and emted—27 in alL By this time 
the yoimgsters trapp^ in Greenland had matured into real animals, 
and it was with difiicnlty that they were capturecL They were hauled 
by trucks and freight cars to Ncnana, from which point they were 
transferred to tlie engine deck of the S. S, Ncfhana for the long trip 
dow‘n the Yukon River* A rriving at Marsliall 4 days later, the animals 
were reloaded to n covered barge and, towed by motorship, resumed 
their journey do^vn the Yukon to its mouth, at Kotlik, thence across 
Pastol Bay in the Bering Sea to St, ilicliael. Here tliey were placcti 
on an open barge, the crates covered with tarpaulins, imng laslied 
with cables? to prevent shifting of the load. On July 14 the barge, in 
tow of a motOPsliip, headed for the open sea and Nunivak Island. 

At this time of year northern Alaska, fiiay be visited by sudden and 
severe stormy so there wa^^ great anxiety on the part of those of us 
directly concerned with the movement and management of die ani- 
rnah. Three men were assigned to the barge, one to look after the 
barge ib^elf, the others to care for the comfort of the musk oxen. 
From I he words of one of these men, some itlea may be had of the 
hazards involved in this dramatic trip: 

Id lettEn^ gut tbe towlltie, tt fiuileil ou an objeci in ihc tHUtam oI tht^ Ijay^ 
luip6 an old l,C«)0-poand ondior, which was dniK^ed out to Btuiirt Islands n 
dTsicuoe of oboat 1& mlleo, befote being dlsladged. HeaTV seas were cDcoaufcore^ 
out^iie or @L MLcbiiol and unit I we reitehed the i<Jitdter of StimrE Jala ad 
the waft n.iui;1i. The we^jdit on the lowllne puUed down Uie bow of the 

harso and prevented it ridtiks over the wav«, fio It plowed tbrou^h them. The 
barge was put to conatdcnihle fltrnln thess S hrium. After freeing the towUne 
the barge lode monj saioothlj. 

Win>ij we reached the open sea the harge to reveal Its uge. The drift 

holts In the bow parted^ opting a seam Its fall width, ihroagli which the water 
poured each time St hit a wave Other eeoms begno to opcor and by 9 a. m., the 
water stood 3 feel deop in the well ot the hold 
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Hand pumps were resorted to and the speed of the towing ^Sp was 
reduced until a stop was made in tlie let* of Sand Islands. Here the 
barge was repaired, and on July 16, Hie journey resumed to Nuuivak. 
By e^rly id the OTening <rf that day, anchor was rriado on the east 
^ide of the kland^ a few miles south of Cai>e Etoliiu 
A onniber of Eskimos live on Nunivak Island, and through the 
active interest of Carl I^mcn, the well-known conservationist, of 
Nome, Alaska, their cooperation was obtained, and the uidoading of 
the animals was completed on July IT* The head man on Nuniv 
Island, well known as trustworthy by Mr. Loinen, had a radio receiv¬ 
ing set. In order to insure additional manpower that might be vital 
to success in unloading the musk oxen under adverse conditions, Mr, 
Ij;>men broadcast a message to the island three times ft wet-k over a 
lengthy period prior to the anticipated date of arrivaL T-hc weather 
fortunately hehl good, whidi enabled the men to place the barge 
well inshore. From this portion gang planka were placed onto 
dry land, and down tliese planks the crated musk oxen, one by 
one, were shoved* Released from tlicir crates, tlie aniimds soon took 
to their new and permanent home. A reconn a issance of the island 
proved that the four musk oxen release^l in 11335 were definitely estab* 
lished. A check of the island in 1939 revealed that the initial st^k of 
34 animals received at College from Greenland in 1930 had multiplied 
to more than 60* 

Tlius Alaska has her naiiak ox once agtun, eflcr probably the long¬ 
est and most hazardous journey in the history of transplanting any 
mammal for restocking purposes* The total distance these animals 
traveled was approximately 14,000 miles. But a sudden storm might 
have wrecked all tlie fine work that was so vigorously and effectively 
sponsored by Senator Norheek and Representative Dickinson 6 years 
previougly—in fact, wrecked the whole venture and caused the loss of 
human life. But such is the risk many enthusiasts in wildlife con¬ 
servation arc willing to assun^e- 

It h hoped that as the Nwnivak herd continues to increase a surplus 
will be produced. This will permit the rcatooking of other Alaskan 
areas containing suilable habitat where this interesting mammal of 
the bleak Arc Lie may live and breed and thus perpetuate its kind again 
over much of Eta old range in that romantic territory. 
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PLATE 1 



1 Method of capturino the young musk Oxen <n Greenland. 

Shmiic^ Vcni otlifR yeartEnis. 




Z A MiUSK OX ABOUT TO BE CRATED IN GREENLAND PREPARATORY TO ITS LONO 

xp^ip to Alaska VtA the United states 





SmitWpiatt I^JL—Youi^ 


PLATE Z 



UnuDADii^ LIVE Crated Musk OxifiON Arrival at Alaskar Destination 

1931 . 
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PLATiE 4 



1, A«|JW|;^L5 AHE LIBEFIAT^ AfTER THEKR M OOdl-MILE JOURNEY^ 
Ttib raw VB rilufCiuit In W«a birf gruc cnn aJ^r Lt IkickliHi hr Ihr Inamijittt tkl(. 



2. IK T9M. WITH THE HERO STILL 4K THE COLLEGE PASTURE THE FmST CALVES 

WERE BORK 
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PL^TE 5 



\ IN 1936 THE Mu£k OXgN W^nE COATED AND PLACED ABDARD A tAROE 

FOR TBEIR UaSTT VOYAIiE 





a. CLIMAXING ONE OF THE MO^T DRAMATIC CHARTERS IN THE AnnalS OF StG 
OAMg; CONSEf^YATIONp THE BAHSE AND ITS Car^^q pF MuSK OXEN APPROACH 

Nunivak Island in the Bering Sea. 
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PLATE b 



1. A e-VEAft-OLD Bull. One QF 34 AMIMALS Ti-TAT rVlApF THE LjCisrjS TfttP To 

Alaska 



2. After l oo Years the Musr oxen have rctu rned tc Alaska, wards of the 

Federal government. 

^ [nippwl tn arfftiluntl li ynif w luw dow rh>wii to 

‘ ^ unlciijil^, jind u bfiUamft ibnt to ttoie nuiiibi.'i wILI ht Bta43b.4Qat to Pnrmil niftock- 

Ui^ i^lT otncf 



INSECr ENEMIES OF OFli CEREAL CROPS 


By C, 11, PiKlAM) 

PHncrpol Ftilotitaiojfitt, BuncsM of EiiioMo1<3&}f (i«tf 0«arfli»/iite, Affrieut- 
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(Wllli in liUlal 

To the cnPiiaJ observer tlin grrowing oi cereal crops sticli as corn, 
wheat, and oats seeing lo lie a very simple procedure. We uccept our 
doily breudr-os well ns our meat, milk, and eggfr—with little thought 
of the labor involved and the difficulties BUnnonnted in placing th^ 
esscntiul foods on our tables. In these days of urban industrial life 
two-thirds of the population have forgotten, if they ever hmid, the 
fdd rule for planting com: “One for tlie squin^l, one of the crow, one 
for the cutworm, and one to grow.**^ Nevertheless, with ajl our 
modem improvements in fnmiing, the crop loses rccogiu^ecl in this 
old adflgo still occur, even though ways of reducing these losses are 
gradually being found. 

IXISSES AND SAVINGS 

The 25 percent loss of crops implied by this old saying as being due 
to insects is much too high for a gcneial ttverage, aUliuugh almost 
total losses are caused antmally by one insect pest or another in 
occasional fields. An annual reduction due to insects of abtmt 10 
peivent in crop yields is, however, considered a conservative cstimute. 
Even this much reduction may motm the difference between profit and 
loss from a whole year of labor by an individual fanner. Moreover, 
in these days when so many men ai^e fighting instead of producing and 
when they, as well ns our nllics, must be fed if tlie war is to be won 
and starvation is to be prevented, tho toll taken by tlie iuEccts as well 
as our other enemies increases in importance. Tlio 10 percent of our 
noiTuftl production of staple crops taken annually by insects would 
far more than feed all our fighting forces and would go far toward 
supplying the food needed by our allies, 
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Tlie following figures are carefully considered estimates of average 
annual losses due to the most injurious species of a long list of insects 
that attack cereal crops; 


Inteci 

Com Gorwonn_ 

Ucss»l&n ny __ 

ChlRch _ 

GrAi3RfaD|q:vrH 


Com 


CropM affected 


Enropcan 4M>rtj borer_ 

^i^bdin mldipe_____ 

nice stlEiJc hug _ 

R(w iwrtl_ 


Olbsr fftonKj-^aln lnwcts__ All 


l03te€M 

$70,200,000 
___ 13,mS^000 

Com. wheat, eye, oata„-- 15,000,000 

25,701.000 
5,000,000 
8,401,000 
500,000 
e5.(M;i,ooo 
300,000,000 


‘— Oercol aotl forage eroiu}_ 

_Corn __ ___ _ 

_ ^yrghuuiA^^, __ _ 

— Growing rice~-^-_ _ __ 

Stonid com^ wheut, and 




— $500,80^,1)06 
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\*erT few satisfactory estimates of the value of crops saved through 
thfl ftpplu^tion of control measures have been made. Definite figu^ 
on this su^ect are extremely difficult to obtain. Tliey are available, 
however, for a few Feflerally supported and organized programs to 
protect crops from certain insect pests. For instance, in 1034 it was 
^iTo T^a* Federal nnd State expenditure of 

w Vrrbug, at least 
m^.000 worth of com was saved from destruction. Thus, for each 
dollar expended approximately if!2l worth of corn was saved. 

canipaiffiLs also afford ex- 

amples of crop savings i^Iized from insect control, as shown by the 

roJlowing figures on ri^c^nt operations. 
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These saving have been largely due to Ferlenil and State research 
work on the development, improvement, and application of grass* 
hopperH»utrol meagureg and serve to illustrate the value of such 

®^’^29,7U has been expended annuaUv by 
the Department of Agriculture during Die fiscal years 1038 to i042, 
me ^ive, in re^arch directed toward (he control of tlie insects af- 
bis food crops. At this rate it thus becomes evident 
that the value of crops saved in the angle year 1930 from grass- 
hoppore alone has repaid for more than 57 years of research work 
Department on all the great variety of noxious in¬ 
sects that beset us. Moreover, with the application of insect-control 
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muasures discovei'ed ty research, not otdy for one your but for many 
years, the returns become continuous and enomioud as compared 
with the original coat of finding and perfecting them. 

MODliS OF INSKCT ATTACK 

Uke human amiiaa, iiisects attack in a variety of ways. There are 
the aviators, the ground trooi>s, the subs (tliougli subterranean rather 
than aubinarine), and the borers from within, all in most efficient 
comb)nation. What they lack in aiise is more than made up in nutn. 
bera. They attack our cereal crop plants underground, bore within 
liiem or eat the leaves or grain during part of their li\-es, ani^hen 
become aviators for purposes of infiltration and advance. Wlute 
grubs, wireworms, ntid rootworms gnaw the roots of ^am crops, 
change actively ttyjiig bcetloi^ in their adult stage^^ efficiently select 
favorable locations for the nest attack by their underground progeny, 
ami plant time bomba in the form of eggs which batch into most 
eftecuve sapper battalions. Tlie adult moths of com earwo™, corn 
borers, and armyworms; the adults of the licssian fly, jointwortn, 
and sawflies; and the winged adults of chinch bugs, and grasshoppers, 
fly from field to field—some of them for much longer distances^nd 
locate their ground troops of borers and scorched-earth specialists m 
the most advantageous positions for crop destruction. 

Til tlieir ability to change from one form to another, and to live off 
the country, the insect enemies of our cereal crops are in some way's 
more efficient tlion we or our human enemies. This ability greatly 
complicates the problem of fighting them, since only in certam 
Stages of their iDsidious, veitiatile, niiil persistent attack can they be 
fought sucoessfuUv. Furthermcre, the methods of defense usable 
against them are ‘lunitcd by the low value per acre of these crops. 
Even though in the aggregate the cereal crops are by far the most 
eftscntial and valuable of our farm products the returns per acre to 
the individual grower are in general comijaratively small and ho 
cannot afford expensive measures for control of the insects attacking 

them. 

.METHODS OF REt'KLLiNQ INSECT ATTACKS 

Painful eipericEtcfl and painstaking study have, however, shown 
many ways of overcoming these pests. Fortunately for us, each 
species always follows about the same Uctics and usually there are one 
or more 'imlnerahle points in the course of their activities at which 
they can be attacke<l Biiccessfiilly. In some instances no highly ef¬ 
fective and practical means of overcoming them have yet been found, 
and in others a combination of several control measures is necessary 
in order to subdue them. Obviously, the first essential in ^e wntrol 
of an insect is ft thorougli knowledge of its life history and habits m 
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(-{.‘Jatiun to tlie cultural methods required for the crop or crops oti 
fl'liicli it feeds. With this knowledge as & biisis we are in a position 
to determine what nieiistiTes can be utilisred in its suppression, such bs 
changes in time of planting the cropj chaiigcs iu the succession of 
crops in the rotation; best tillage methods and best time to apply 
them; timely destruction of crop residues; use of mecbiiniml deTices, 
h?ki'riers, ond insecticides; and tlic discovery O'r development of re- 
si.stant varieties of the crops &ltacke<l. 

CUMmLlL OONTHOL MI:^1ST7HES 

Variations in the cultural pi-ocedurcs ordinarily follcnved in growing 
tlie particular kind of grain attacked may often be utilized in pre¬ 
venting lujuty to that crop by certain insects. Control measures of 
tills type are esjjecially desirable because they add little or nothing to 
the cip^so of growing the crop. One of the most effective means of 
pm tmtiiig the hessian fly (pla. 1-3) from attacking winter wlieat, for 
instance, is to delay the sowing of the crop in the fall just long enough 
BO tliat it does not come up until the fall flight of the insect is past. 
Mmleratcly lute plantings of coni nro less seriously damaged tlian early 
pJanliiigs by the rootwonu or “budworm” (pi. 4) in the soutlieastcrii 
Stat^, and by (he Knropcaii corn borer iu the northeastern States. 
Agajii, midseioioii (May) plantings of corn in southeastem Teias are 
better able to survive tlie attack of the sugais.‘flnc borer, a serious pest 
of corn 111 thiit area, than curly or iiite plantings, because they escape 
the first biW and attain enough growth before the advent of the 
second and later bioods to witlistand tlieni more successfully than late 
plantings do. 

The proiKii- disposal of ci-0[i residues is often helpful in the control 
of ceitain itisects, mid liiglily important in the control of others. The 
Eureiwan corn borer survives tlie winter in the full-grown caterpillar 
\u Hie slrtlks of cocri uiid Cfiarse-gtemined In late 

spring or early summer the cateriiillurs change to moths which fly 
to tlie new corn for egg laying. Complete dls|josal of the plant resi¬ 
dues ill wliich the borers overwinter, by plowing them under (pi. 5) 
feeding them to stock, or burning them before tlie spring emergenre 
of tlie moth, is one of the most im^rtant control measures for this 
insect. The sugarcane borer has similar habits in sugarcane, sorghum, 
and corn, except that tlie wiiruier climate along the Gulf coast where 
it occurs causes tlie adult motlis to emerge earlier iu the spring; hence 
fall or winter disposal of tlie residues of these crops is helpful in the 
mntrol of this insect also. In the case of scveial wheut-iniefitiiig 
insects, e. g., the hessian fly, jointworui (pi. 4), Btrawworm, and saw- 
fly, the plowing under of the wheat stubble during tlie summer or 
early fall prevents their cmerep,ice to infest the new crop, or to lireed 
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and ziuiUiply in tlie volunteer xvliuiit that xvoiiiil otliei'wniG gtosy in tlie 
stubble fields. 

Certain tillage practices may sometimps be utilized in breaking the 
annual cycle in tbe development of certahi Kpeciea. Plowingi for in- 
stance^ tiaiiy be extensively and profitably applied in tbe control of 
grasshoppers. Tliei^e insects are not as improvident as Aesop’s fable 
about the gmssbopper and tbe ant would imply- During kte summer 
and early fall most species deposit tbeir egg pods in the ground (pi. 8), 
sometimes in enormous numbers^ and thus having provided for tbe 
succeeding genemtion^ die naturally of old age. The eggs nortually 
remain vrell protected lu the soil until the following spring withoui 
need of any food supply* In factj the common injurious species spend 
^ to 8 montlfcs of the year as egg^ in tbe top Z inches or so of soil If, 
sometime during this long |>criod, preferably in tbe fall, soil is 
turned over hy plowing to n depth of iit least 5 jnches and tlio surface 
layer well compiictod by subsequent cultivation, the little hoppers 
hatching ft om the eggs can be eflcctiuilly prevented tnm emerging. 

The pale western cutwoiin, a serious i?cst of small grains in the 
(ircnt Plains, provides another example of how knowledge of an in¬ 
sect’s habits may lead to inexpensive and practical cultural control 
methods. It is known that most cutwonufi hide in the soil during llie 
day but come out to craw! around on the surface at night* They can 
be cheaply and easily controlled, there fore, by spreading {Hiison-bran 
bait in the infested fields, the worms eating it during the lime thoy 
Expend above ground. But the pale xvestem cutxvomx cannot be con¬ 
trolled by this method because it stays underground botli day and 
night, and progresses from plant to plant by burrowing along just 
underneath the surface* A Canadian investigator discovered, how¬ 
ever, that these worms quickly die after they hatch out in the early 
bp ring if the newly sprouted vegctittmn is all killed by thorough cul¬ 
tivation as soon as the worms have Imd a little time to feed. Strtxngely 
enough, they can survive for some time if tliey have had no food, but 
die quiiily if they have once fed and are then deprived of food. The 
infested fields may there fore be cleanly fallowed for about 3 weeks 
so<sn after tbe worms have hatched, and then sown to spring grains 
witli little subsequent injury to the crop, which otherwise would have 
iK^en ruined by this cutworm. 

A differeut strategy lias also been used succc^fuUy against tbe pale 
western cutworm in tbe southern Great Plains where fall-sown w^beat 
is the principal grain crop^ In studying the in^t’s habits it was 
discovered that the adult moths, which emerge in the fall, tend to fly 
to, and lay their eggs in, fields or portions of fields that bad been 
allowed to produce a growth of vegetation during the summer. Win¬ 
ter wheat sown tn such fields was severely injured by this cutworm 
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the following spring, ishik fields th^tt hatl Wn cleanly fallowed prior 
to seeding escaped injury^ 

dotation with other crops is often used to great advantage in pre¬ 
venting injury to cereal crops, especially by certain species with re- 
Etricted food habits. Tlie larvae of June beetles, conmnonly called 
white gmbs (pi, 14), are partial to crops belonging to the grass family 
and, by gnawing their roote, cause serious injury to pastures and grain 
crops planted on land that lisa been in sod. Leguminous crops, on the 
otiier hand, are unfavorable to their development, and the proper use 
of legumes in the rotation, or in combination witli grasses in pastui'es, 
serves to reduce their depredations to negligible proportions- 

The com rootworm (pL 4), a serious pest in the Com Belt, and the 
grope colospis, another enemy of both com and soybeans iu tliat region, 
often become eitremely abundant in fields that are planted to com 
or soybeans for 2 or 3 years in succession- These iu^^ts are veiy 
restricted as Co food pliints, however, and can be readily eliminated 
as serious factors by crop rotations tliat are not only effective for this 
purpose but also are good general farm practices- 

Suitable crop rotations are also very useful as auxiliary preventive 
measures against several insects such as the hessian fly, straw worm* 
joint worm, and sawfiy, which frequently caui^ serious injury to 
wheat. 

Crop rotations and intensive farming, on the otlier hand, may be 
favorable to some insects, such ns the cliinch bug (pL 12). This is a 
native American insect which probably fed on certain wild prairie 
grasses and was of no consequence before the native sod was plowed 
and planted to crops. The settlement of the prairies and the alnitist 
complete utilization of large ai'eas for the production of grains pro¬ 
vided the chinch hug with crops much to its liking. An abundance 
of wheat and other small grains for the early summer brood to feed 
upon, and great acreages of com in close ]iroiimity on which to finish 
its growth and produce one or more additional broods during the 
season, were, ideal for its multiplication, w ith the result that it imme- 
diatdy became and has since remained one of our worst grain pests. 
Much can be done toward its control, however, by modifying the 
farming sj^stem bo os to break the continuous rotation and lie pros- 
imity of com and small grains so favorable to the diinch bug, through 
the use of legxuninous crops and postured* 

Other cultural measure!^ inherent in good farm practices, such 03 
the use of fertilizers and soil-building crops, tlie planting of the new 
crop as far away as possible from the fields that bore the same crop 
the previous year, and the use of tlie best adapted and most vigomusly 
growing varieties are aU helpful as auxiliary measures for the control 
of cereal crop pests. Since most of these are, in themselves, profitable 
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proc^sdureSi ho added e^iJense to the farmer is involved in obtaining 
the added protection from insects which they afford. 

MPCIIAKIC^lL COOTEOL MRASUREa 

The mechaiiicai devices used for the control of ini^ta attacking 
ceiT^al crops are confined mostly to tlie ordinary farm tools, which» 
however, ralher than having any direct effect on the insects themselves^ 
are chiedy effective indirectly ilirongh their use in culttiral proccdur^^ 
nnd cropping systenis. Plowing imd disking do, of course, kill a 
considerable proportion of certain soft-bodied insects, such as the 
wldte grubs, cutworms, earwormSj and rootwoims, particularly if done 
at a time when they ai'C changing from the worm to the adult beetle 
or moth stage in their uudergrotind pupal cells, ll^e indirect effect 
of plowing under corn residues containing corn borers and soil con¬ 
taining grasshopper eggs to prevent their emergence has already been 
mentioned. Li these cases, however, the benefits are derived mainly 
from tJic burial of the insects rather than from the mechanical action 
of the plowing. In general, the direct mechanical effect of the ordi- 
naiy Boihworking tools is of minor importauce in the control of tJie 
insects injuring cereal crops, 

Tlie rotary ploiv sfiuiild perhaps be mentioned as an esceptiou to 
tins statement Thia uvadiine has a power-driven horizontoi cylinder 
bearing a series of blades somewimt like a laAvn mower. It not only 
turns 0 %'er tlie soH but chops it iiuely, together with any in^ts, such 
as white grubs, it may contain and luis been reported to i>e very effec¬ 
tive against soil-infestiug insects^ Because of the high cost of opera¬ 
tion and the impracticability of using it In *iony ground, hoivever, it 
has not come into gcneml use* 

With the escoption of equipment for the application of insecticides, 
the development of special mechanical devices for the direct control 
of insects has been v^ery limited. Li this field the development of ma¬ 
chinery for the destructioji of European corn borers has been most 
thoroughly investigated. As a result of iuteu^ivo cooperative work 
by agricultural engineers and entomologists several useful forms of 
equipment have been devised or adapted for corn-borer controh Thei^ 
ituchide lovr-cutting atUchmetits for com binders and harvesters, 
hand cutting hoea and stalk shavers (pL 7) for use in low-cutting uf 
com to be sliocked by hand or com stalks to bo plowed under, shred¬ 
ding and chopping attachments for mechanical com pickers, sta¬ 
tionary hiiKker-shredder^* silage cutters and field silage harvesters^ 
and stationary fodder cutters and grinders. AlfJiough little of this 
machinery bus yet come into general use, with the increase of the borer 
in the main Com Belt it may be used extensively after tbo war, when 
materials essent ial lu iiM manufacture are ivaikble. 
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In the field of development of mechanical insect-control devices 
attempts to produce a practical grasshopper catcher or “hopper- 
dozer” have been many and varied, and have been more or less con¬ 
tinuous since the great outbreaks of tlie Bocky Mountain locust soon 
after the Civil War- Certain of these machines are fairly practical 
for Uio control of some species on some crops and under certain con¬ 
ditions, especiaKy since the advent of motor trucks and tractors to 
which they can be attaclicil and by which they can be run rapidly over 
tile infested Helds. Even the best of them aie not very efficient, how¬ 
ever, and the use of “hop per dozers” has been almost entirely super¬ 
seded hy the cheaiar and moro efficient poison-baiting method of 
controL 

iNSErtrriorDEai anti RBrEU-ENra 

Ily far the most extensive uses of insecticides for cereal insects are in 
tlio form of baits for grasshoppers, army worms, and cutworms attack¬ 
ing these crops in the field; and of fumigants for moths, weevils and 
relatcf] insects attacking grain or ccroul prmlucts during storage or 
milling- 

Before the advent of potson-brttii bait live farmers were iit as great 
a disadvimtiigc against several of tiipse insects as were the Indians 
with their bows and arrows against tlie American pioneers eriuipped 
witli rifles. Cultural metliods of one kind or another, most of which 
oix preventive ratlicr than lemedinl, and which, to be effective, mtisl 
bo applied before the crop is actually planted, were practically tlie 
only recourse of the farmer. Even the best informed and most fore- 
sighted fanners were more or less helpless in the face of the periodical 
outbrejiks of one or another of these insects that occur when con¬ 
ditions favor tlieir incrtane for a season or two. Many less well in- 
formeti furmcra devoiiliy believeil that a visitation of urmywonns or 
grasshoppers to their fields was divine ]>unishmcnt for some trans¬ 
gression of whkdi they might not oven be aware. 

Tlie first recorded use of ixjison bait against grasshoppers was in 
the 1880 ’a by farmers in the San Joaquin Valley of California, Donht- 
Jess tlie fiist former to try it was considered by his neighbors to be 
rather weak-minded if not crazy to expect tlie hoppers to pay any 
attention to a thin sprinkling or a few little heaps of poisoned bran 
in mjivpotition witli their natural food plants. Nevertheless, tiic 
aheme w orked suriirLsingiy well. It was improved by the siibetitution 
of vrheat bran for middlings and called to the attention of farmers 
and entomologists in other parts of the country by D. W. Coquillet, 
a noted investigator of tliat day in thu Geld of insect oontroj, who first 
observed its irse in California. 
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Witli rscurrcnt grasshopl^r outbreaks in nmny other Slices the 
method Erndualiy came into much wider use (pi. 10) and its effective- 
ness against army worms and cutworms ns well as gmsshoppers became 
more generally known. Many attempts were made to incce^ the 
efficiency of the bait by the addition of flavorings of one kind or 
another, such as cane molaages, ground citrus fruit, or bananfl oil, to 
make it more attractive to tlie grasshoppers. Up to the present time, 
however, the wheat bran itself, and products closely related to it, liave 
proved to be about the most attractive, most widely uvailablc and 
cheapest material suitable for large-scale u.se. The effectiveness of 
bran baits has not been increased enough by any other attractaiits yet 
fomid to warrant the trouble and cost of adding them. On tlie other 
hand, it has been found possible to dilute ibe bran greatly with chea^r 
inert flaky substances, particularly wood sawdust or cottonseed imlls, 
without materially reducing the efficiency of tlic bait. As a result of 
this discovery the cost of bait t^r acre bas been modi reduced and 
the funds availabk for control operations have been made to go much 
fartiier in recent years than formerly. The quantities of bait used 
during tlie yeare 19S9, 1040, and 1941 for the control of grasshoppere, 
and the crop savings realised thereby are given in the table on page 324. 

Largo quantities of bait have also been ured during the past re vend 
years in the control of annywonns and Mormon crickets. It is only 
within the last 3 or 4 years that bait has beon used successfully against 
die latter. Although the Mormon cricket (pi. 11) is really a big 
wingless grasshopper and likes the Siime crops, it will have little to do 
with tim Ktandai-d bait in whicii an areenicul is used as the iwisonous 
ingrwiient. For many years this was thmiglit to be due to all sorts of 
reasons cicept the right one. Finally Cowan and Shipman learned 
from their eipcrimeiits that tho crickets refuse to eat baits containing 
un arsenical even in cjctremely small quantities but tliat Oiej will take 
them readily when scHhum fluosHicate is substituted as the poisonous 
ingredient. Tliis discovery bas resulted in much cheaper and more 
effective control by baiting ttian was possible by any of the methods 
previously used, which included dusting the crickets with .sfidlum 
iirsenito and tlie installation of barriers and traps of one kind or 
another (pi. 11) to dispose of tiie mignvting bands:. 

Sodium finosilicate bait is also just as effective against grasshopi>ers 
as tlie arsenical bait and, owing to tiio scarcity of arsenicals ns a result 
of war conditions, is supplanting it in grasshopijcr-control operations. 
Fortunately, no scarcity of swiiom fluosilieate has yet devcloix'd. 
Another very valuable feature of the fluosilicate is its distastefubiess 
to livestock and the probablo elimination through its use of the 
accidental t>oisoning of stock which sometimes occurs as the result of 
carelessness in, the handling of arsenical bait or sodium arsenite dust 

In the large-scale publicly suppoited cajnpai^s of recent years, the 
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control of i^rfisslioppers, Momioo crickete, and annywormfi has Ixon 
greatly ineroaiicd in scope find cfliciency by the invention and wide 
use of moti>ri?.e<l equipment (pi. 10). The invention and use of power 
bnit-mixing machines, traction and power bait spreaders, the use of 
motor trucks for hauling bait, and llio adaptation of airplanes for its 
rapid application, especially on term in not readily treated by ground 
equijinient, Jnive all coutributeri wonderfully to the practicability and 
f'ffcrtivenefjs of large-scale contiol operations against these insects. 


CH£U IO.VL A NO MEC (tAN rOAL BARHl EMS 

Tlie habits of certain of the inserts uttnebing cereal crops are such 
that clieniical or mechanica] barriers, or a combination of both, may 
lie used to good advantage in their control. The chmcL bug la a good 
exaiaple. Tliis insect is one of the worst pesUf of com in the main 
Com Belt, men weather conditions are favorable it develops in 
enormous num^rs in the small grain e during the spring and early 
summer, sometimes seriously in]m-ing considerable acreages of them. 
The small grains usually ri|jen before the spring brootl of bugs attains 
the winged or adult stage and the immature bugs then migrate on 
foot from the smiUPgrain fields into tlie nearby fiekls of young com. 
If this migration is not stopped immediately the complete destruction 
of the com may be only a matter of days. Fortunately for the farm¬ 
ers, however, tlie bugs must migrate by crawling instead of flying; 
hence, it is possible to stop them effectively by means of a barrier of 
some kind (pi. 12), One of the best barriers is a line of coabtnr 
creosote placed across their line of advanco, applied directly on a 
^ootli, hard-packeil low ridge of earth or on a fence about 2 inches 
hjgh made of heaiy paiKi-. The latter method is the more efficient. 
1 ^ liolra to se^c as traps are then dug about every 20 feet along the 
Side of the bumer toward which Bie bugs ai^i migrating. Ci-eosote is 
veiy repellent to chinch bugs, an<l they will not cross the barrier line as 
long as It is kept in good condition. Instead, they travel in streams 
along It until they fall into tiic post holes where they are killed. With 
the prompt installation and proper maintenance of these bitrricrs the 
corn can be completely protected. 

But here again wo encounter anotlicr instance of the far-reaching 
effect of the present war. It has cn-ated a scarcity of coal-tnr creosote 
that may make this material difficult, if not impossible, to obtain for 
chmij-bug ^ntroL Aiiticipathig this situation, however, both State 
and federal entomologists have been c^ijerimenting with possible 
mbstitnte and have sticceedcd in finding several veiy promising ones. 
Seine of th™ may prove to be even better than creosote and applicable 
to me com Itself, in case of need, us well as to barriers. 

l^fore repellent chemicals came into use for chinch-bug barriers 
a simple mecliomcal type of barrier was widely osed, consisting of 
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furrows or stripe across the line of march of the bugs, in which a deep, 
dusty mukh w as produced by continuous drugging of a log back and 
forth in the furrows, or by harrowing Uie strips. The dust and the 
drugging or hantiwing together effectually prevent the bugs from 
i»ettin‘» across sncli barriers in injurious nmnbersi. This type of bar¬ 
rier, however, bos two serious disadvantages: The continuous uttcntion 
it iT^uires, and the imiJossibility of maiutniiiing it in wet weather. 

The barrier idea has been utilized in a much different wny m the 
control of tJio corn earwoim (pi 17). As many people know who 
have raised sweet com or lu^ve httKked eiirs preparatory to cookingj 
these greenish or brownish worms eat their way down through the 
tip of the ear and the kernels, making very burrowa and giv¬ 

ing the eais an extretnely unattractive apijearonce. After mi^h 
study of the mssect^s habits and experiments with Tarious metho^ 
of control, Di. George IV. Barber finally developed a bavriep method 
which prevents the worms from entering the ears* He found that 
the injection of about 1/4 teaspoonfnl of reiined mineral oU into the 
silk mass at the tip of the ear creates an ellective l>arrier against 
the entrance of the little ncwly-hatchcd worms, emerging from the 
minute eggs laid by the parent moths on the silks, and their aubseq^ueiit 
injury to the siik moss and tlie kernels. Barber also discovered, 
liowever, that the oil interferes with the pollination nnd filling out 
of the kernels if injected too soon after the appearance of the silfe; 
hence it is necessary to wait 3 or 4 days until tlie wilting of the silte 
indicates that pollination is complete. He observed that during this 
interval some worms succeeded in penetrating well down into the 
ear tip, and realized the need of some improvement of the method. 
Further work revealed the fact that a very small percentage of py- 
rethnim extract or dichloroetiiyl ether added to the oil killed most of 
the worms that had entered Uie ears before treatment as well as 
those that entered them afterwards. In the course of his studios 
Barber also devised simple adaptalions of common equipment to the 
application of the oil easily and economically (pL 17). This niethotl 
has also lieen used with some success for the prevention of ear worm 
injury to the highly valunblc plantings of p^igreed lines of com 
grown for the prcMluction of the high-yielding hybritl field and sweet 
corns that have almost entirely supplanted the open-pollhiated va- 
rietieSi 

Before a successful poison bait for the Mormon cricket was dis¬ 
covered galvanized sheet-iron barriers were widely used in the con¬ 
trol of thk insect (pL 11). Long ^ips 10 inches wide were fa-Htened 
upright and end-to-end by means of small stakes, across the path 
of tile migrating bands of crickets. Trep pits, or enclosures nmde 
of the galvanized -iron strips, were located at frequent intervals 
along the hairier. In these the crickets gathered and died. Many 
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miles of tJiis barrier were instaUed to good efTwt during cricket out- 
bieaks, but this method has dow been almost entirely superseded by 
tlie much cheaper and ksa laborious poison-baiting method of control 

Metal biiiriers of the type just described have been and are still 
very eitensively used in Argentina against tiie great hordes of grass- 
hoppei’a prevalent in some parts of that country. 

Anotlier expedient frequently used against Mormon crickets wliere 
ciixumstaiiees permit is the oil-on-watcr barrier. The crickets do 
not hesitate to plunge in and swim across streams or irrigation 
ditches tliat they may encounter in their iiiigi-ntioiui. Advantage is 
taken of tins fact to turn stmtegieally located watercourses into 
hamei's by coating the surface of the water with oil. Barrels of 
clieap, light oil are placed at mtcrvals of about mile along tire 
streams and canais and their contents aUowcd to drip or dribble 
slowly 50 as to form a thin film („, the water. This coats the swimming 
crickets and kills them. 


sesATe iNo nirera 

Often the fii^t question asked when an insect infestation ia discovered 
on any crop is “What can 1 spray it witbf’* Unfortimatoly, the acre 
value of cereal czops is ordinarily too low to permit the direct use of 
msect icid es on them. As haa al ready been men tioued, control measutca 
for the insects attackmg these crops must be largely cultural or if 
in^diciiid, must bo of extremely low cost us in the case of poison 
bmt, winch costs only about SO to 50 cents i«r acre. It is true that 
msccticides aic recommended for the direct control of tlic European 
coni borer m market siveet corn, but this is a specialized crop which 
cannot properly be considered a cereal. Because of the rapid gmwtli 
of tJie eoim mid the fact tlmt the egg-kying and hatching period of the 
boren. eilends over a moiitli or more, several applications of a spniy 
or dust are r^uircd for effective control. This meth<xl ia too eipeuaive 
for piactical use on field com, or even on sweet com grown for the 
t b po^ssible^ howevcir^ tliat futor^ developments may reduce 
™ts to the ^int where insecticidea may l» used profitably against 
uii> borer, at least on cannijigeorn. 

rUMlQATlOK 

Insects continue to (ake their toll of our cereal crops even after tliey 
have beim safely harvested and stored. As has already been noted 
they destroy annually some 300 million dollars worth or more of stored 
grama and cereal products. With the wartime need of conserving our 
tupplies of these most essential foods, the prevention or reduction of 

‘'^tromely important, and at tile same 
time more difficult owing to the interference with normal dUrihution 
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and cOhsumptifiii. During tlic fit’s!; Wnrlcl W' ar and during the jircs^t 
on© special efforts have been made t* find iiays and means of meeting 
tho situation. 

Of several bundled species of insects found associated with stored 
grains or grain products some 50 or more kinds of moths, 'wccviU, and 
beetles are seriously injurious when conditions am favorahlo to their 
activity. The lnr%'ae of some species bora into and mature inside^ of 
tho kernels, while both tho larvae anti adults of others aro free-living 
among tlie kernels or in milled ocreal or flour (pi, ID), Tiio larvae of 
som© of the moths not only eat tlicse products but spiji silk as Ihey move 
about, sometimes forming a thick webbing on the surface or 'ivithin tlie 
outer layer. High temperatures and ample moisture am favorable to 
die development of all these insects. Hence they are a oon^ant soiirco 
of annoyance and loss in warm-temperate and tropical regions. They 
are cosmopolitan in distribution, however, and in warm, moist seasons 
or under suitable conditions such as prevail in flour or cereal mills, 

(hey become serious pests in tho mure nortliem latitudes as well. yHien 
(in infestation is once started in stored grain, enough heat and moisture 
are often generated by tho insects themselves to provide for their con¬ 
tinued activity and to cause injury to the grain. Some species begin 
their attack on the grain in the field before it is stored and arc carried 
■with it into the bins, warehouses, elevators, and milts. Others live 
and breed chiefly within the.'se storag© places. Most of the species are 
active fliers in the adult beetle or moth stag© and spread locally by 
flight, but the principal means of dispersion is the commercial ship¬ 
ment of grains and cereal products. Tliey have been carried all over 
the world in this way. 

The first essentials for the protection of stored grains and cereal 
pj^hicts HTP good storage facilities and sanitation. Tightly con- 
atmcterl bins, warehouses, and mills that can readily be kept clean and 
that will prevent th© escape of fumigants when it becomes necessary to 
ns© diem are basic to latisfactory application of insect-control meas- 
uiea. The.'ffi insects breed in undisturbed accumulations of grain or 
floury residues wherever they are allowed to occur, such as in floor 
cracks, behind lining boards, in supplies of stock or chicken feeds, in 
used feed or flour sacks, in conveyor machinery, and in household cup¬ 
boards. Such nccumulations serve as sources from which infestations 
spread to (^oied grain, cereals, or flour, and, obviously sJiouId be 
eliminated. 

Owing to the more or leas frequent or constant introduction of new 
infestations in one way or another, however, the periodical application 
of more drastic measures becomes necessary. The most generally use¬ 
ful treatment is fumigation. Several different fumigants are in com¬ 
mon use and the best one to select depends on the circumstances. Tho 
so-called heavier-than-air gases, especially ethylene dichlorid© or 
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carbon disulphide mixed with carbon tetradiloride to mnhe them 
noninflammable, arc tno*t generally used on stored grains (pL 18). 
These are liquids at ordinary temperature and wlieu sprayed on the 
surface of the grain immediately evaporate to form heavy gases which 
quickly sink down through iL Another material often used for grain 
fumigation is calcium cyanide in granular or powder form (pi. 18). 
This is run into the grain strenin as it enters the bln where it quickly 
reacts with atmospheric moisture to form deadly hydrocyanic acid gas. 

Tlie fumigants most commonly used in mill and warehouse fumiga¬ 
tion are liquid hydrocyanic acid, methyl bromide, chloropicrin, and 
a mixture of ethylene oxide and carbon dioxide. These must bo lib¬ 
erated by suitable means and in sufficient quantity to obtain an insect- 
killing concentration throughout the entire building. Chloropicrin, 
by the way, is the tear gas introduced during the first World War. All 
these gases arc extremely poisonous to humans as well as msects and 
should lie handled only by experionceil persons equtpfied with gas 
masks adapted to the particular fumigant to be applied. 

Tlie ready susceptibility of most fitore<1-product insects to heat and 
cold is often utilized instead of fumigation for tlieir control. Some 
cereal products are run through steam or electrical heating appliances 
to kill any insets they may contain and fair control is sometimes ob¬ 
tained by heating entire buildings to 125' F. or more in hot weather 
when these temperatum can be produced without too great expense, 
fn the more northern latitudes advantage is often taken of zero and sub¬ 
zero temperatures to eradicate insect infestations in mills and ware¬ 
houses by turning off all heat and opening the buildings to the outside 
air. The low winter temperatures and short cool summers of northern 
climates ordinarily sen*e to hold insect infestations in grains or cereals 
in unheated storage to such a low level as to make fumigation unneces¬ 
sary. 

The preemption of carbon disulphide and fumigants containing 
chlorine for use in various war industries has made them unavailable 
at times for the treatment of stored grains, and hns increased the need 
of finding available substitute*. Efiorts are now being made in this 
direction. 

tXSECT-KESiaTANT TABlEnZS OF CHOPS 

Although it has been known for many years that some varieties of 
the different cereal crops arc Jess susceptible than others to their 
r^ecti VC insect enemies, deliberate efforts to 6nd and breed this 
character into improved varieties are comparatively recent develop¬ 
ments. As m the case of other ventures into new fields, these efforts 
were considered by some investigators to be very unlikely to vield 
rcsnlt^f practical value. Nevertheless, they have been continued and 
have become extremely promising. Wheats highly resistant to the 
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hessian fly (pi. 2); varieties of com resLsiant to the Eoropoan com 
borer, eanvonn, chinch bog (pi. 12), or com leaf aphid j sjorghums 
resistant to the chinch bug; and barleys, outs, and wheats resistant to 
the chinch bug car to the green bug, have all been discovered tbrciugh 
systematic tests conducted in recent years. Breeding operations hove 
also shown that by controlled crcjssiug and selection many of these 
insect-ivsistant qualities ciin bo bred into otlier varieties more suitable 
for conunemal production, and that these quiUilies are not linked with 
tmdesimble characters or iucompatible with other desirable ones fiucli 
as high yield, quality, and disc;ase resistance- Conunercially satisfac¬ 
tory varieties or lines of wheat, oats, barley, and com resistant to one 
or more of the insects just iiiGntioncti have already been produceel or, 
through the application of modem niethtais of plant breeding, are well 
advanced towat^ commercial aviiilability. 

Insect control through the use of resistant varieties would have 
aoveral advantages over other methods of control. Once the seed of 
such varieties becomes available in quantity and comes into general 
use the farmers will be automatically relieved of the cjqiense and 
trouble of applying otlier control methods- More latitude in cultural 
procedures, time of planting, and crop rotations would be gained. 
Tile friK[uent, severe, anil general outbreaks of certain s[njcieg that 
confine their attack to only one or two kinds of grain crops might 
even be prevented. Tlie development of cereal crop varieties resistant 
to insects has now progressed far enough to warrant the definite es* 
pcctatiou of extremely valuable results in this field- 

BIQLOGIO.VL CONTitOL 

Several writers have called attention to the incessant contest betwi«ii 
the insects and man for supremacy. The insects probably would 
have won long ago if it Wei's not for the natural agencies that hold 
them in check and for the fact that most of tlic noxious species are 
much j ess readily adaptable than man to viiriations in environiiient. 
Many of those that attack cereal crops, such a.s tlie corn rootwonn, 
com leaf aphid, and wheat joint worm, can breed successfully only 
on one or a very few species of host plants. Others, such as the grass¬ 
hoppers, chinch bug, hessian fly, and green hug, although extremely 
prolific, arc highly susceptible to unfavorable weatlier conditions at 
certain times in their life history and often suffer violent reductions 
in numbers as a result- Still others, army worms and cutworms for 
example, have many para-sitic and predaceous insect enemies that at 
times almost completely cstcmiinatc them in localities where they 
occur in outbreak numbers. Some cereal insect pests, armyworms, 
chinch bugs, and grasshoppers for inslEiuce, are also subject to bacterial 
and fungous dlseast'S that occarionally become epidemic under favor- 
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ubiti conditionB. The inteructJotis ntiiong tliisse pests, their insect 
enemies, their diseases, and the vreatlief, are extremely complex. 

Since we Jiave not yet learned to control the w’enther, which is the 
domiinmt element in this combination, we are not able to manipulate 
these factors to any material extent in the prevention of insect out¬ 
breaks. In fact, some of our gram-production practices have been 
Miore fai’orahlc then detrimental to such outbreaks. For example, the 
jdaiitingof large acrengtss of both com and small grains in the same 
neighborhood encourages tlie muitiplication of the chinch bug, as al- 
riatdy cited. Another example is the favorable condition for giass- 
lioppers broiiglit about, partially at least, by the extensive growing of 
wheat during the first ^Vorld War. ^Vith the urgent demand for tliat 
giaiii, great ureas of virgin sod on llie western plains were plowed and 
soiivn to w'heut- Although much of this land was gradually abandoned 
as the demand for wheat subsided, both tlie wheat stubble and the aban¬ 
doned land liavo provided extremely favorable food and egg-laying 
eonditioiis for the migratory grasshopper, and have been bnijortant 
factors in the persistence and severity of the widespiead and almost 
continuous grassliopper outbreaks in tlie Great Plains during the i>ast 
decade. I^ortunately, It La.s been possible to prevent a large jKirtion of 
the potential crop damage iJirough die application, at great cipcmse, of 
t le aiting method already described, but the problem of working out 
and applying methods of preventing the outbreaks themselves stiU 
remains. I his problem can undoubtedly be solved, possibly through 
the use of some of the slower airplanes for spreading poison bait, wh-^n 
tliey become available for other than war pur|iosesL 
Many of the insect [lests of cereal crops, like most of the crops the'-i- 
aelres, are not native to this country. Others have adopted these crcijs 
as food when they have become widely grown in this count ry- Notable 
examples of foreign invaders are the hesaian fly, Europonii com borer, 
and niost of the insects that attack our stored grains and cereal prod¬ 
ucts. The armyworm, chinch bug, and green bug might be mentioned 
us conspicuous among native insects that have taken readily to im¬ 
ported crops. In cases where the parasite enemies of the invaders did 
not come along with them efforts have been made to import and e.st(ib- 
lish these parasites. Some of these have hecome well established while 
others apparentty have not found conditions in this couniry at oil to 
llieir liking. In general, it may be said that although the parnaites 
of in^Hits attacking cereal crops are highly beneficial, m no coso can 
(hey be depended on lu keep these pests under permanent control. 
Ollier means must therefore be found and njiplied when necvssniy- if 
the ccrval crops are to be sticce«3fully and profitably grown, stored, 
milled, and supplied to (lie huimtu rather (ban the insect population 
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Had you usked me years ago to address you on the ^HJeographical 
Aspectii of Malaria,” I should have begun by quoting from Mirsch^^ 
monumental work on “Geographical and Historical Pathology*’ 
as folloivs: 

tJoreriag a broiiU on tMali sKdea of the Equator the malarial 

lh&[T tiiaximaii:i of frequeues Lii tropical and auhtrotiLeiil reiftons. Tlji'y 
i^iMtinae to be ODdemlc for some dJ^tama; into the tOHUwate zone, with dinthilsli^ 
iu^ Kovi^rity noil frequency towntda the Id^li^^ Inlltudcs; In ^Idciulc form ths^y 
nut Ihlrequeiitly appesir yet la atber regions; and, in «till wliWrdiatiRlioa with dm 
datmeter of u iiandcmlc, uLsu beyond tbone ludlgeuoua lutltudoEi. 

HirscU foliow's tills with pages describing the various countries 
throughout, the world in which the disease occurSj and an equally 
extensive discussion of the conditions which infiueuce the appenratice 
of the diseiiiiief and of it^ po^ible cause. But the discussions lead to 
no final cundusionsj and in the woriL of Duncan^ writing in 1388: 
^As Crudeli points out, niahiria exists on soils of every conceivable 
variety, of every age in geological time, and H is impossible to ixiinl 
to any ndiiera logical or diemical eon di lions which can be said to 
Ik; essentiiiL” 

By his discovery in i860 that malaria is caused hy a living parasite, 
visible under the microscope, Lavei'an, a French Army eirgeon w'ork- 
ing in Algiers, made an important addition to our knowledge. Ma¬ 
laria then ceased to be ‘‘a miasma,” a word iudicating some sort of 
emanation from tlie soil; tlie word was not exactly deRn^l; and, as 
we Lave read, any sort of soil appcarerl capable of giving out tlie 
emanation. Then came the problem. How does tins parasite circu¬ 
lating freely In man^s blood pass from ona victim to aiiother? The 
genius of Sir Patrick Atanson, who had enrried out original work in 
China on another parasite circulating in the blood, provided a Ly- 
pothesis, which if not wholly correct providtNJ Sir Ronald Ross witli a 
vahinble starting point for hia researches in India* Mauson also 
gave Ross the most generous and selfless help in other ways. 

^ Ad{3r«44 at mectlivK Tti# Uayil OHigrApblt^l f-titvildti., 0, 

IplS, Ib^prlblcd by pr-rtrlsi^Uin fitm GtM^ErApblcBl J^urtmT tuI. Xo. 4, April lb43n 
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In E letter dated July 5, 1807, to Sir CJiarles Crosthwaitey asking 
biiD Id inSuenco tbe Government of Indiu to put Hotss on special 
malaria research, Sir Patrick Mansun wrote: 

MdEe7 caa buUtl tmrtltatcs^ bot a tbotisand institutes are useless If th£y ate 
ddc nmiLned by tba ri^bt men. A man Ea i?nrtli i±le>iii alL I have uo beslta- 
tivu lb sajEng lhat at tbe present mrnmeat Eo&s la tbb best mun In libhn to citTry 
on malariA LiiTostEgfKtloEL To lose him thanitom as 1 enyp would be a public 
calmuity. . . , It would be u Tfist pity IC the ebant'o wlilcb now presents of 
making a anbatoatLol uddEtlon to tb? p^itbologlcal sclenca should once agalpt be 
lost lo EiLgllabm^'b, We ere cnttlti]^ a sorry Sgnro ulongslde atber uatiotia at 
prcseot To uur batlounL fiibume, be It said that fc\\\ vev^y few, of tbe wouderTnl 
advauces In the scleace of the beullag art wblcb btive signalized recent years, have 
becb Blade by our eobutrytaom This Is particularly apparent In tbe matter ef 
tropical dlaeasas, in wbEeU we abnuld tu virtue of oat ei^ceptlonal opporLunitles 
be p^'ia-cTpt. ^ . . But In tMs matter of tnalarbi bere Is a ebonce far an 

EDgUsbiunu to reliabllitate out DDtioiLal character add to point out to the rest 
of the world how to deal with tbe most lmiK>rtant dlseEise In the world— 
mMariu. (Mun^oD-BaJir and Alcock^ 10^4 

Inimite patience ait<l ih© burning energy of his genius onabled 
Riyaa to overcopie innuniei'hbk difficulties, und prove to the world 
something that neitiier he nor Manson quite expected: the malarifl 
parasite tvas not just sucked up by the uiosquito frorii a man suffering 
from the disease, or transferred meehojiicaliy. The pamsite actually 
bred in tbe wall of die mo^uito’s stomach; the offspring of the 
original partisitcs when mature were injected into another man; so 
the disease spreucL Ross discovered what the parasite looked like in 
all its various stages in the mo^uito and where tlieso singes were to 
bo found; the prolonged rc^jcarches also proved Umt not every mos¬ 
quito could be infected; only some with spots on their wings, later 
identified by entomologists as ATUfpheles mosquitoes. The mosquitoes 
which could not be infected are those popularly caUed Calem. This 
was B huge step forward! indeed it constituted one of the major dis¬ 
coveries of medieme* For tnalaria probably kills more people than 
any single disease in the world. The stage was now set for the pre¬ 
vention of malaria by striking at the mosquito. 

The medical profession m this connection divided into two camps: 
in one Ronald Ross; in the other tlio rest of the profession* Rosa 
realized more fully than did Ids colleagues at that time the line that 
would havo to be taken if malaria was to be prevented. In an ex¬ 
ceedingly able report to Ihc Govemnient of India he wrote that while 
it was not possible to kill mosquitoes everywhere, It would be wise to 
make a beginning by 4iscertaining which of the mosquitoes carried 
malaria and which did not. NeiLhcr Ross nor anyouc else working 
at the problcTTi realized that l>eforc this could be successful on a large 
EKrale and csiiecially in rural areas, many more years of re^arch 
would be required with Rosses discovery us its stEirting point* Kor 
die! anyone realize at first that ihc very' technique which Ross inventeil 
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was to mislead raUicr than For tlie truth ia that only a few 

anopheles carry malaria in nature, although all anopheles can be in¬ 
fected in a laboratory; which made the pre%^ention of malaria appear 
to be much more difficult than it eventually proved to be. 

This paper must describe just what mosquitoes carry malaria in tlie 
main geographical areas, something of the verj' different conditions 
in which they live, and the strange ways wa have invented to control 
or destroy them. The story begins in Malaya. After seeing htalaya 
in 1930, ^ss told the Committee of the Rosf Institute that the anti- 
malarial work done there was the greatest sanitary achievement 
ever accompli±died in the British Empire, aa it was also the Srat suc¬ 
cessful anti mala rial wori carried out in the British Empire, if not 
in the world* (Ann. Rep. Ross Inst.^ 102T,) 

Tlio ilalay Peninaula consistif mainly of ranges of granite moun- 
taina, and coas^tal plains wifJi freali-water swamps fringed by man- 
grove with salt and brackish water; all three are covered hy great 
forests. Man lives there always at war with the jungle. 

It was my privilege to live in the Peninsula from 1900 to 1928, to 
take an active part in research, and initiate the practical work for 
the control of malaria (Watson, 19C@)^ In the part of the mangrove 
forest isone covered by every tide, no dangerom anopheles live and 
there is no malaria; but in the inner part, covered only by spring 
tides, Arisphehs unibrom^ breeds and carrisi malaria. If the man¬ 
grove forest be felled, another anopheles appears and this new¬ 
comer also carries malnria; today it is called A. Both 

mosquitoes disappear when the swamp is embanked and drained. In 
1901 Port Swettenhom was saved from closure by embanking, drain¬ 
ing, and oiling of pools^ and a very complete organization for the 
medicat care of the people^ The order to close it had actually been 
given by the Governor, Sir Frank Swettenham, 2% months after it 
was opened, but waa not carried into effect when all the facts were 
put before him by ma 

Tiio coastal plains—great swamps deeper and wider than any¬ 
thing in Italy—harbor A. 'umbrami^ and are intensely malarial. 
Here ^inago, and selection of sites of houses half a mile from the 
imdraincd jungle, gives 100 percent protection against malariu. 

Attention was nest turned to the hills where it was not possible to 
get rid of the mosquito by the simple method of drainage. The 
coastal hills are, when under forest, intensely malarial, because A* 
umbrojfw lives in the valleye, while tho inland htlk are healthy 
under forest, because A. upihromix docs not live there. Both kinds 
of hill laud are intensely malarial when Uie forest is felled, because 
pt a tliird mosquito appears in tlie piclurej A. maouhkts. It lives 
m sunshine, and in even the steepest mountain streams, but not 
where the streams are covered by jungle. This insect causes intense 
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malaria aUhoii^li maj not be a swamp within miles. In Malaya 
yearly death rates of 300 per 1,000 were mi uncommon among labor 
forces on estates or on engineering works before effective means to 
contrfjl mosquitoes w'ere devised. 

Among the important discoveries in Malaya were the following: 

Only 3 out of some 30 species nf anopholea in Malaya carry 
malaria^ We had to kill onl}^ the dangerous species to stamp out 
the disease; the others could he ignored. This is called **specics 
sanitation^’ (Watson^ 1911). 

Many dangerous-looking swamps, including rice fields on tho 
coastal plains^ were not malarial (Watson^ I91t)* 

In 1014 I prepared a mixture of mineral oils which rapidly killed 
all anoplielcs in even faM-mtlning streams' but was not poisonous 
to men or animals. This sotve<l a ilifficnlt problem^ the internee 
malaria produced by stream-breeding anopholei^P By means of this 
mixture malaria was rapidly brought under control over large areas, 
ineliiding rubber estates^ at practically no capital cost. 

In 1909 I realized thnt Jfiilnre controlled species of anopheles in 
sevcnil waysj and that by imitating her we could control malaria 
ut little or no expense in many places (Strickland, !915; Willianisein^ 
1933). This was sometimes unconsciously achieved by the planters 
when tliey Q{>Ened iip the estates. Four years’ research on estates 
showeil that the change of species that occurred from time to time 
was duo to clianges m the conditions in the valleys. Wlien under 
junglo there was one species {^4^ um^ros^) that carried malaria; 
%vhen the jungle was felled and tho stresiiis freed from gra^ a new 
species apt>oared (A, m<iCid{Elm) which also carried malaria; in 
intermediate condition^ of the stream thei'e were half a do35en species 
that did not carry malaria. The knowledge of bow to change species 
was a notable advance and is today the foundation of a great deni of 
anti mala rial prtt.autioiis taken in many parts of the world. Our 
researches also enabled ug to know where to house the people, and 
thus deatlis were reduced to 4.9 per 1,000. 

Another method devised as a result of later researches was inter¬ 
mittent sluicing which hag a devastating effect even on mosquitoes 
that live in running water, IXwised in Malaya, and capable of being 
ope rated by the Malay peasant, this method spread to souihcm India. 
Today in some of tlie bigger streams in the Himalayas there arc bal- 
Icries of sIu ices. ( \Vi lliimison, 1933.) 

The researches and many inventions for the control of malaria in 
Malaya carried out by the Government and the rubber planters have 
thrown a Qood of light on the disease in other geographical regions. 
So I have spoken of it in i^ino detail. Of tlie work done in Malaya, 
Professor Swelkugrebel wrote in 1035 : ‘^The principle forming the 
base of malaria control in Malaya ought to bo the principle under- 
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lying malaritt control in any country in the world- Thcit principle 
of nialariti control is Malayans great gift to the world.” And in 1033 
he wrote: '"Without species sanitation ope feels helplesa.^^ 

In 101LI w£ils invit^ to organize the control of malarja in Singa¬ 
pore. The disease was present not only throughout the year, but it 
caused a great annual wave witli its pe4:Lk in the month of Iblay. 
Between 2,000 and 3,000 people died each year as a result of malaria, 
out of a population of 250,000* Today the population is treble llmt 
figure, Tet in 1030 tlie Prcshlent of the Municipality could say: 
"‘Malaria has btssn libsolutely EtJ!ini]>ed out. It would be a very 
unfortunate resident who contracted msiaria now»^ It has b&en 
calculated that all health measures, of which the most important 
by far has been the prevention of malaria, hiivo saved over 100,000 
lives in Singapore in the lust 30 yeai's. 

Of tlie value of tlic combination of research and pmcticiil work to 
Uio commuuity, 1 may c[UDto from an addre$8 by Eric Maefadjen 
11938): 

HhU it not liperi tot njutwrlu euiari^V Brltlsli Malaya + ^ . eoijlil jievcr have 
hecD Ffiollzedi Ita poimlrtus Luwea, Its rallu^aya aoO niAds wUieli have uiiluclfed 
he onCurul reaources^ Uio uiutj^rur plants^ represceilng ua omioy ot 

UiUJlalis ehTUa^ which excDvate Ite Ete avnm of nlhtvr + , , net 

a of hevelepmente eould liave achieved had ciiELlurla roiualiicd 

uncoiitrulled. . . . Thn taUMt recem auU mtwt eeiisutLohal triumidi of thtt* applJca- 
tlqd uf Chose principles been the couBCrueUoii of the ^la^pore Naval Base. 
Wllbfiiit malaria control tills ^eet work iiniat have cost ceuaticse UvtM^ if LiideeLl 
it miUd have beca L^inpleted at alL To the ^freat cmllt of die tnUlUiry aiithorltiCHi 
thif health problem hua been itnadled with such auci'es^s that the lay world hem 
not kaowD there was oae, nod those works have been earrlod out virtually 
without aJfeciliig the vital stuiistJca of Slnj^pore. 

In 10131 crySJ5ed the Straits of Malacca to Sumatra, to meet Profes¬ 
sor Swelleiigrcbel, wlio was to play a most important part in tlie con¬ 
quest of malaria. In Sumatra, less than 100 miles from Singiiporc, 
1 found to my ustoiiidiment a totally diilerent lualurjal picture; for 
the disease was confined almaMt entirely to the mangtovc forest zone, 
with *4. as tlio enemy. Hill streumv, which would have been 

sti dangerous in the Miday Peninsuila, were harmless in Suniatru^ In 
Java the picture is piiictically the same, although in IkiiIi there are 
occasional outbreaks of diseu$|k away from tlie coast, thecaui^ of which 
iiUhoi^gh interesting would take too long to explain. 

yumatni is much less populated or cultivated than Java, Indeed 
Java 13 nn almost continuous sheet of wet rice, of which it would prob¬ 
ably be true to i^ay that over 05 percent is free from uitilaria. Sumatra 
and Java both differ in yet another way from Malaya* They are vol¬ 
canic islands, belonging to the great volcanic chain fringing South 
and East Asia, including also the Celebes, the Philippines, Formosa* 
and Japan* 
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In British Nortli BomeOj reseiirchss, not yet completed and not yet 
published^ by Dr. John McArthur, whom I am proud to claim as a 
pupil, iodicate that the dangerous Emophelcs of Llaluya may not be 
carrying the disease A. hucosphyi-u^^ a mo^uito that lives at tlie 
hcadwatci-s of streams in douse jungle, hae been proved to be the im¬ 
portant carrier in an intensely malarial area. It may be that merely 
clearing the undergrowth, and allowing cattle to keep the undergrowth 
down, will eliminate the disease, at little cost to tha poor and half- 
starved inhabitants* 



Finjjm —Mean mootlily Uefitli tale la Sineaporo itam all causes. 

In the Philippine Islands tJie picture changes again. Here, as in the 
coastal plains of tho Blaley Peninsula, Java and Borneo, Siam and 
Burma, the rice fields are heal thy* In Bie Ph ilippine Islands the man¬ 
grove zone h also healthy, unlike JaviL and Sumatra* But along the 
foothills A. mintjnuR breeds among grass in slowly moving clear water 
and produces mtense malaria. This mosquito is one of the great car¬ 
riers of malaria, for it carries tlie disease not merely in the Philippine 
Islands, but extensively in the continent of jiVsia i in Frcnch Indo- 
China, in Siam, on the Burma Boad^ and not least in tlie great Assam 
Valley of northern India* To it is due the deadly Terai malaria and 
black water fever in the urea along the foothills of the eastern half of 
the Himalayas in India, The brilliant rescarehea of G- C. Ramsay, 
Deputy Director of the Russ In^itute (lD3fl), have proved this. His 
equally brilliant prevention of the disease is not sufficiently known* 
It is sheer white magic to wdpe deadly malaria from a valley by grow- 
ing a hedge of wild rhododendron or wild privet over a little stream, 
without interfering w ith the growth of the rice in {he more stagnant 














































be seen to be believed: hundreds of thou^nds of acres in jungle aiK 
tt milliQii lives lost. In the Punjab ^licifuci^s produces great epi 
demies* Fortunately the last bud one was in 190S* 


FiaiiitB £-—Area where A- la ^mnufoL in the tooiiilLls. 

Of the great work in impraving the health of thdr laborers and 
European staffs carried out on tea, rubber,, jiitOj and tlie mining indus¬ 
tries in India a brief but interesting account will be found m the last 
Annual Report of Committee of Control of the India Branch of the 
Ross Institute (Calcutta, July 1941)^ Extensive work in the preven¬ 
tion of malaria is now being carried out by the Imjjerial and Provin¬ 
cial Governments in India, both in towns and villa^^; I know of no 
country which in the last decade has done more brilliant scientific 
and practical work in preventing malaria than India* 
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waters of the valley. Today there arc some 5.000 m\l^ of these hedges 
in India. 

There are in India some 40 species of anopheles, only a few of which 
carry malaria. -1, phiUppinen&it causes devastating malaria in Bengal 
in areas protected from river floods by embankments, but is impotent 
where the land is submerged each year by floods* Tlic devastation and 
depopulation resulting from man^s efforts to control the rivers must 


Before leaving Asia for Africa we might jusit glance at malaria in 
Ceylon* There was once a great civiUzution in Ceylqn, which waa 
destroyed by war some 800 years ago. The Indians came to the island 
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find JroYc the inhabitants, not for the first time, away from their 
culture, their ricefields, tlieir lovely architecture, and their carving* 
Anopheles killed tile people whenever they returned and tried to recol- 
onke those areas* In Ceylon there ate many monmneiits, but the 
greatest is tlie ancient irrigation fcystem* In every river there are 0 
largo number of dams holding up the water; that is necessary becaui^e 
it IS not unusual for there to be less than 20 inches of rain a year over 
two-thirds of Ceylon. In an epidemic of malaria killed over 

SOjOOO people in a few months, ^flie cause was a droiight; absence of 
the flusliingof the rivers allowed A. €u7 id faciei to breed in profusion* 
It is a potent carrier of malaria in Ceylon. Today an organization 
created and oi>crated by the Governmont and the estates working in 
close cooperation would prevent snch a disaster occurring egiun; 
indeed a reeeut dmught even more severe tliaii that of 1934-35 has 
failed to produce an epidemics very encounigingj but not unexpected. 

In West, Central, and East Africa there arc two great carriers of 
malaria. One, 4. ffajuihey lives in sunlit pools of still water; a water 
current is fatal to it. The other, A. prefers slight shade, 

slightly moving water. Dense shade blots out both species^ as it blots 
out A. nuteuIaluA in Jlalaya, and A* mimmm in India. On the open¬ 
ing of the great copper mines of nortliern Ehodesia, the populntiun 
suffered from malaria, blackwater fever, dysentery, typhoid, and other 
disensca* The fjcnsonal intei^t of Cheater Beatty and his cnllcagiies 
and the exertions of the local staff have, howeverj been ao successful 
that the health o-f both wliites and African employees compares fa¬ 
vorably with that of the Panama Canal employees, and that is not a 
low i^andard. 

rivingstone wrote in his inij^slonary travels that the Lower Zambezi 
w as the most malarial area ho had visited in Africa, and that even the 
Portuguese suffered froin the difTcasc very severely. A few years ago 
the great Lower Zsiinbczi bridge was built across the river, llionks 
the advice given by the Boss Institute through C. R. Harrison, a mem¬ 
ber of the staff of the Boss institute, the work w'as carried out witli a 
minimum of sickness. Actually onlj^ one Euro]>can out of ©even ws^nt 
down with malaria. (Tim 'fimes, October 31, 1934; Dison, 11)35*) 

Tliero is some reason to hope that reseaix^hcs carried out by the Ross 
Jrirtitute on mines in West Africa will open a new chapter in that 
area. Unfortunately malaria is widely spread through Africa, reach¬ 
ing south to Durban, and north into the oases of Egypt, Libya, Algiers, 
find Morocco. In the equatorial belt it is intense; it rises ev^on into the 
highlands of Kenya* Nairobi itself at 6,000 feet above sea level is not 
free from the disease. 

Of Panama, you all know the great triumph of the United States 
Government, guided by Uie genius of Surgeon General Gorgas* The 
trench failed because they had not discovered how to control malaria 
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or j^ellow fever. Success m Panairia md ilaiiiya came because Koss 
(iid Dot throw in his hand m the early days and because Sir Patrick 
Alanson} s?o to speak^ sustained Rosass baud at a critical period. In 
1915 the Panama Cana! repi^seiited the greatest engiiieering ond 
medical triumph tlio world had seem Like so many otlier great things 
it was so misunderstood md misrepresented, that it almost became a 
stumbling block, and the honor of starting antimalarial work in iho 
United States fell to two nomne^lical men: Professor Henris and H, 
F. Gniy working in California. They began in 191L In 1910 tlte 
Kockefeller Foundation, after sending two distinguislicd scientists to 
study Malayan methods, took up the prevention of malaria in the 
United States and has given a great lead to Umt country. In passing 
I would mention that reseaj-ch and practical work carried out on the 
rei^rvolrs of the Tennessee Valley AulJiority have developed a new 
method of controlling mosquitoes. By raising and lowering the level 
of the reservoii^h' a potent method of tt>ntrolling anopheles lias bt^cn 
demonstrated. It. acts by stunting vegetation on the edges of the 
reservoirs. A. is the main carrier of malaria in the 

southeastern States of the United States, 

AlUiough A, 7ti^culipcnm^ is lo be found throughout Europe from 
the Baltic to Caix- llatapan and from Spain to the Ca-spiun Sea^ 
malaria is to be found mainly in the Me<literraiiean region* For over 
2,(Kl0ycjirs malaria defied all man^$ efforts to reclaim and cultivate the 
Pontine Marshes. But within the past decade, Miii^solini^ by destroy¬ 
ing the anopheles, has colonized this area; perhajis this will be his 
greatest, or only, iibidij^g claim to fame. 1 rcnimd you though that 
2o years earlier we iuid in Malaya managed to accomplish bigger 
things in bigger swamps. 

The DuLcli quickly gtasiKnl the ^ignidcance of the researches in 
Malaya on malaria, and wlieii he returiml to Holland from tlie East 
Indies, Professor Swellengrebel, with the aid of his colleagues, carrietl 
out some brillinni researches, 'flioy show ed that there were two races 
^or species) of .4. juamllpennfB^ one of wdiieh bred in brackiidi water 
and carried luabiria,, the other wiiieh bred in fresh water and was 
haiTuless. Tliig was the prelude lo rctscarchcs in other luiiis of 
Europe, it'll split A. mmmJipenma into sis races (or species) uiily 
i^nie of which carried nuiloria. This explained many anomalies. 

A couple of hundred years ago malaria was not unconiznon in Eng¬ 
land, in low-lying areas like the Fens or the Tliames Ej^tuiiiy. Tndee<b 
Ijondon itself was not free. But drainage and iXTlamation of land 
have wrought w niariy changes that when inalaria was implanted in 
England in 1917-18 by the soldiers returning from foreign lands, it 
died out wnthin 4 years* 

fill ring a visit to some of Chester Beatty's mines in Serbia, I took 
an oppotiunity of visiting Salonika to see an area in which according 
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to the ofEciuI history ‘‘ntalark dominated the wedical and military 
situBtioiiJ’ This^ medical digester had eomo from two aiiophcleg| A. 
m^cuUpemtis in tlie swamps, and A. superpicti^ in the hills, and a 
failure to control Uiem. A. ^upef^pktus I had already seen in Aihanin 
and south Serbia, It breeds amoii^ stones ia slowly moving hill 
Streams* Its distribution is extensive* It has been mentioned in 
Spain and north Italy* But it is the great carrier in Sicily, Dalmatia, 
YugosIaviB, Albaniit, Muccdouia, Greece, Bulgark, Thrace, Anatolm, 
Cypriig, Caucasusj Transcaucasus, Cilicia, Syria, Palestine, Sinai, 
Upper Mesopotamia, Turkoman Kepnblic (Transcaspla), Cossack 
Kepuhlic (Tashkent), Bokliara, Persia, and northwest India* As vre 
read the names, which I have taken from a book on the anopheles of 
India (Christophehi, 10^33), we are reminded of the victorious march 
of Ak*tander the Great agiiinst the Persian King and on to India. 
You will rtmieinber how, when his army refused to go fartlier, he 
sailed down the Indus and up tlie Persian Gulf, and hoiv ho died at 
Babylon. 

The eipLomtlon pC tlie waterwuya mmHl about ttic empire was Alcsrandor'# 
nimicUlBte conpern, the dEftiffiTcry of ihe preaiuued coaaectloD of the Ca^splau 
wim Ibe Nortbcirii Owyn, ihe oi^eniag of a akarUtiae route from Babyloa to 
Egypt round AiobSn. The Matter enterprise AJexunder to condael In 

por§an; tinder hla Hupcr'«lFilon was prepared In B^ibyloii nn tnnDeuse fleet, a great 
basin dng oat to eontalu one tbouNnod ships, naO the water eomnmnlcfltlooH of 
Babylon takcu la hand. (Knryl. Hrltr* 14tli oiL. p- 510.) 

The escavation of earth and the aggregation of laborers arc notori¬ 
ous antecedents of an outbreak of malaria ; for the excavations create 
mosquito-breeding pUtccs and the laborers supply the malaria paru- 
sitea. By then it was the muulh of June, when malaria, as we found 
in the last war (Christophers, 1921) is in full blast. So we are not 
surprised to read: 

At lust all was ready; the ^Lh of llie anintb Daeslua (7 June Q) was fixed for 
the king's setting tetih. On tbe 15i±l end lOth Alexunder enroosed di.H?p Into the 
night at the house of the fovnurlte Bledlus- On the 17th be developed foror; for 
n time he tri^nted It as a momentary Impediment to the expedition; on the 2TLh 
hu spneeb was i^lie, and the Mhcvdonlan army was suEfereO to pons, tpan by nauip 
ibfough him chiiiubcr to bid ULai ftirowoih On the SfitU (June 12) Alexauder 
died. (EnoycL Brit, 14th od., p. &70.) 

The fever moy have been typhoid; but it all suggests malaria. 
Quinine was unknown to tlLC Greeks If it w^ero mnliirla, the species 
til at iufected and killed tlie victor of so many fighta would probnbly 
be, not A, ifup^pklmy which is confined to tlie tubniontanc regions of 
Mesopotamia, but $t^phenm. This is the mosquito which Roaa 
dunks was the one ho infected with tnakria in bis littk labora¬ 
tory at Secunderabad m India, 
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HistoriEind are divided about the character of Alexandari aud 
whether this intnisian of Greek arms and phUosophj into the culture 
and religion of the East was all for tile b^t. That I atn not conipo- 
tt^nt to discuss. Nor need I speculate on what difference it would have 
made had fever not cut short the life of this conqueror^ and whether 
he would have become an equally great administrator* 

But there is no difference of opinion about tlie debt mankind owes 
to Bon aid Boss, 1 have told yon somethiug of how our nation has 
employed Rosses discov^cryni Much still remains to be done to prevent 
tropical diseases. There is stdl much to be discovered about malaria 
and its prevention. But in scientific research and practical preven¬ 
tion of malaria from 1901 to the present day, the British have given a 
dear lead to the world. 

Though they have not done a11^ they have done something of what 
Sir Patrick Maitson urged. T think we can justly claim tliat the 
British have not been unfaithful to their tnist. And if we turn to an 
impartial witness such as Profeasor Swellengrcbd we have his assur^* 
anca that the work done m Malaya hiis been of great benefit to the 
world; without what has come to be known as “species sanitation’’ the 
fight would have been hopde^* So that Malaya, in this time of tiial, 
can feel that she has achieved ©omethlug of lasting bonefiL 
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THE BROMELLVDS OF BRAZIL 


By MiJLn}&u H. Fo^nm 
Or£afi(fo, FIq^ 


[Witb 10 pUtca] 

The plant family Bronieliaoifa^—Uie pineapple family—comprises 
^ine 50 genera witli more than 1^600 known species, 400 of tbom native 
to the Americas from Panama north, and at least a dozen natiye to 
the Ujiited States^ most of these in Florida. Although these brome- 
liads, as they are called, are as yet little known in the States^ neverthe¬ 
less until recently it was thonght to be Uie ^largest fatnily of plants 
to be wholl}' Confined in origin to the New World^’^^ Nowj however, 
one sp^ies of a Pilcaimia has been found in Afrita+ This is tlie only 
repoil of Bromcliaceae native outside the \^V•ste^n Hemkpherc. 

The most complete ami outstanding botanical contrihution to the 
knowledge of tfiis family was llie monograph by Mez published in 
Germany in 10^4-35, In this country, work on the Bromeliaceae con^ 
tinues in the able hands of Dr, Lyman B. Smith, of the Gray Herbarium 
at Harvard, who is now recognizctj astlie foremost authority^ 

W'llEUE TDK BEOMKLrADS GllOW 

Tlie range of tlie widespread Spanish moss {Tilland^m timemde$) 
marks the outer boundaries of tliis interesting family, which extends 
over all the tropical and subtropical areas of the Auicricai?. From 
soutUeastcni Virginia through Central and South America acro^ the 
Argentine and from Chile up as far as Baja California, tliis cosmo¬ 
politan group of plants Im^ spread itself. 

The wide range of bromeiiads gives them versatile growth habits, 
for they are hnppy in the desert, by the side of the ocean ^ in tlie wet- 
test jungles, in full or part ^nln, and in complete or partial sliade, and 
they grow on almost anytlihig, including the smooth or rough bark 
of trees, on rocks, in sand, on cacti, on palms, and even clinging on 

1 EmStK t* n., ffildrace oii tht UaM cf eTolatl®!! Ja Uie BrdtDVlla^NA 

SonOenlr. D®t. jilirlj., Bpfc 4, p. *iL 1034- 
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telephone wires as docs Tillamdsia ttsnsoid^s and Tiltoadsia Tecurvata. 

Having collected bromeliads in Mexico and Cuba, &frs. Foster and 
I found irresistibie the opportunity to collect them in the jungles of 
Bruzii, home of the greatest nuuil^r of bromeliad species. Accord* 
iijgly we sailed fn>m Sfevv York in the spring of 1930, but when we 
landed 2 weeks later in Rrtuiil, it was fall below the Equator. 

While w’aJting for our pennit, we took several short collecting trips 
near Eio with Dr. Bertha Lutz, botanist, who is making an intetisive 
study of tile flora in tho Distrito Federal. However, her work is not 
confined to botany, for she is an eager student of zoology with partic¬ 
ular interest in frogs and, with lier father, the late Dr. Adolphe Lutz, 
has made outstanding contributions to the knowledge of frogs in 
Brazil. WJiile collecting with her, we developed a new interest in 
bromeliads—-that of tlie fauna, particularly tlie frogs, that live deep in 
the centers of the water-filled bromeliads. From that time on we 
found the study of frogs to be an interesting accompaniment to the 
collecting of bromeliads. 

Oiir first collecting trip in Brazil was prophetic in that we found 
our first new species of bromeliads, for we later realized that this set 
the pattern for our whole Brazilian trip—we were always turning up 
new species. Our total of over BO (with more yet to be described) 
was as much of a surprise to us as to the botanists, eirpccially Dr. 
Stnith, the bromeliad s]iecinlist. In the thousands of lierbarium sheets 
from Brazil wliich he had examined in the past 10 years, only & new 
brfjmeliads had shown up from tiiat country. While I had hopes of 
finding a few’ new species, I did not expect to find very many because 
this fiunily has been well collected in Brazil, nearly one-third of tJie 
known species having lieen found within its confines. 

Our *^fari^ numbered two. Our equipment was meager: two suit- 
H^ses, two cameras, a herbarium press, and a gasoline stove. Tlie most 
importnnt factor, however, in our equipment was our limitless enthusi¬ 
asm for the fascinating family of Bromelisceac. 

Searching for bromeliads has taught us many lessons in topography, 
for Brazil is a land of contrasts. It includes extremes of weather and 
terrain. During two winter of some 12,000 mjlea of trekking by 
water, rttil, auto, and on foot, the bromeliads took us into almost every 
kind of condition that tJiat great country has to offer. One day we 
were in the rainiest jungle of Brazil, at Alto da Sernt south of Hio, 
which is over 1,500 miles south of the Amazon^ and next wc traveled 
nearly a ibousaud niiles by coastwise steamer, by narrow-gauge rail* 
way, by ox cart, and on foot, through Bahia, where it had not rained 
in 3 years. 

One docs not have to travel far after reaching Bio to do a bit of 
plant collecting. Even within the city limits there are still vast jungles 
covering tho mountainsides high above the inhabited area. Tlicse rain 
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forests of the Serra do mpuntama along the sea, stretch for 
miles both north and south^ and there is a wealth of material for the 
botanist within a comparatively short distance of the coast. It is 
probably for this reason that the greatest number of bromeliada have 
been taken from this area within tlie past half century. 

Strangely enough j one of our most pleasant eiperienccB in Brazil 
was the visit to A!to da Serra, where we could not collect any plants. 
It is a sanctuary where tlie balance of life is Lo be sacredly maintained. 
Man is not to disturb the plantj animal, or insect life in any way. He 
may come thri-e and see it unfold befoi-e his eye«, hut no collecting 
or molesting is allowed. This Ls the great plan of the able Dr. F. C- 
Hoehne, of the Institnto dc Botanica at Sao Paulo, whose sincere de¬ 
sire it is to preserve for iXJstcrity a complete rain forest in one of the 
most unusual situntiDns in the work! Here is Btazil's greatest rain¬ 
fall. It is at the high edge of Oie Serra do liar mountains, which 
rise abruptly from ?ea level. The warm rain clouds from over the 
sea striking this cold mountain barrier produce almost continuous 
precipitation in the form of eitJier rain or fog. Tlus makes a perfect 
home for innumerable moisture-loving epiphytes. 

A very comfortable guest house had recently been built hero for 
the accommodation of observing scientists, and we wet^ oomplimonted 
by being the first guests to u^e it. This was one of our favorite ^^col- 
lc?cting*^ spots, whore we collected only photographs and many an 
impression on the mind's eye of tlie luxuriant fantasies in myriad 
forms of plant life. Everything was doing its inflividual bit toward 
making this one of the natural beauty spots of Brazil. 

Wo were also invited to be the first guests to use Dr. Hoehne^s 
unif]ue creation, a botauical truck. It was a giant Chevrolet, rebuilt 
so as to have aieepitig qu aiders for six, with an\ple storage space for 
supplies, and, best of all, it had a heating ‘^oven” where u huge press 
of fresh botanical material could be ^cooked” until Lhorouglily dry. 
In this truck we experienced a truly delightful trip in the land of 
the decorative Pmheiro do Parima {Araucaria 

Villa Velha sliould be as well known in Brasil as the Painted Desert 
or the Bad Lands in North America, but so far few others than natu¬ 
ralists are aw^an? of iL ^*0!d City^* it ia callcd,^ because from a distance 
it rescmblea the Ekjbline of an andent abandoned city. It La a ^rock 
continent in a sea” of vast rolling plains. Mother Nature has for 
centiiriea been slowly revealing this marvelous work in sandstone which 
stands now tranquil, dominant, in a turbutcni sea of shifting sands. 
For miles we had rolled over treeless land to reach this ^'rock of 
Only the time-carved luonolitlis had vegetation. They were covered 
with Arccaatrura palms {Coca^ plumosa) and Araucarias (the Parana 
“pine”), cacti, ferns, ordvids, and bromeliads living in every crevice, 
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Jianging on with grim detcrminatioD as though they would not give up 
until the rocks themselves disintegrate. Every narrow canyon, dark 
and danip^ harbored bronielUds of the more delicate type, while above, 
braving wiiidj suuj cold, and heat, were the serophytic ones- V^UIa 
Vellia is a liotanist^s and geologist’s paradise. 

THE BROAlEi:.lAD CHARACTER! ST1C3 

IMjcn YOU enjoy the sweet, juicy fruit of n pineapple, you are eating 
a bronieliiu], Ananas camoms Wlien you siuk into a soft, 

well-cushioned automobile seat, the filling resi>onslble for your com¬ 
fort may be a bmmeliad, IWandsia umemdes, or Spanish moss. In 
manner of grow th thoKo tw'o ro|>i:iescnt the two extremes: the pineapple 
is strictly terrestrial, w liilc the SpanislL moss Is wholly epiphytic, even 
gt»Lng so far as to disj^iLse with roots. Between thefie two 
hromeliads exhibit a great variety of plant characteristics, 

Ii would not bo difficult to ^iurmisc that these tw'o forms might be 
the latest development, each in its own type of fruiting method—the 
nppeiifkged-secd ty[ie (repi-eMuted by the Spanish moss) and the 
beiry-secd type (represaented by ihc pineapple). Tlie pineapple has 
had nil its fruits fused into one big “berryNo other fniit-bearing 
type in this family has the individual Ijetriea that hold the seed more 
completely welded than in the pineapple fruit. On the other handj 
the Spanish mess, Avith its appendaged ^ds in a pod, grows with such 
a fusion of leavefj in one continuous growth that there is no evidence 
of roots (which, 1 MioA^eJiuve been abi^orlxsl) or of the ufuihI iiuituring 
nf individual plants, chameteristics wliidi probably make it the latest 
deveilopment in the appendaged-seed division. We might say that this 
of a plant is certainly the most modern, for it trav^els entirely 

by air. 

Tho bromeliad flower pattern is formed in multiples of thi™. Its 
flowers generally are formed in spikes or racemes with brightly colored 
bracts. In iiie Ijotanical descriptions of thig family every flower has 
Wen said to be monoecious or jjerfcct, even though in some of the Hedi- 
tins (of Mexico), the flowers of which have stamens and pistik, 
oidy one of Ihcm functions. 

All exception apiieared during January 1942, when I oWrved that 
in several of the species of Oryptctnlhiiif the flowers iverc not monoe¬ 
cious, but dioecious, for there avcfc separate male and female flowers in 
the same plant. (One of our Crj/pthm^thm species, not yet <kterininc<l, 
however, docs have all perfect flowers.) This condition of separate 
sex flcjwers has apparently not been noted before, as there seems to be 
no record of it in the literature. 

Flowers tliroughont the family range in size from tiny, almost micro¬ 
scopic blossoms a$ in the giant in which the 
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minute stamens cTfen hiJe t)ie petals, to tUe Urge, lovely blue-violet 
flowere 2 inches in diameter of tJie TiU^anditia Liiuienii of Ecuador. 
Flowers that stay open for several days are the exception, but a stranger 
exception is the flower of a new and as yet unnamed Awkrjiea I found 
in Brazil tliat opens after irtidnight; 3 hours later the petals close and 
begin to dissolve into the sweet nectar already formed at the perianth- 
Wliile each species has Its more or less regular blooming period, I have 
by careful and persistent search found a great number of species 
blooming out of their **timc” for some unknown reason. 

Along with tlie variance in flower siaes goes a peculiar range of 
odors; tlie white flower of one of our new species {VtiesiCt- 
smells like an onion, another < Vrlesia vtclpinoidcji)^ like a fox. Some 
have an exquisitely sweet perfume as in TiUftiidma dccomitoBita, or tha 
fresh fragrance of a ripening apple a.s iii the unopenetl buds of the 
new Hacinae, Wlien this ffow‘cr tqjciis, the fragrance disap- 

{icars. The majority of bromcliad flowers, however, have little fra¬ 
grance. Wliilc the flowers, it is agreed, generally produce tha odor, in 
the case of A^cAf?wo putpumo-TOnn I laivo found that the entire 
inflorescence itidei>Gndent of the flowers luts ti ‘^toilet soap” fragi'ancc 
for weeks before and after the flowers are open, as well as during the 
blooming period. 

TIio color of the flowers covers the entire range of the spectrum, but 
the pirdoiniutint hue seems to be in tiia lavender to blue range, although 
white, yellow, green, and red are frwpient. Most of the hroinoliads 
are colorful during the blooming porifal hut not always because of the 
flowers. Many species have small and inconspicuous flowers, but the 
colorful red bracts or leaves surrounding them will give the inflores¬ 
cence the brilliant and dashing display so much admired. In some 
species as, for example, Crypt^thapifi^ rmwiV/f#, the entire plant 
turns scarlet at blooming time, but as soon tis the flowers have finished 
their mission the color of llie leaves fades nwuy and it becomes just 
anotiier green plant. 

One of the new Xeoragelias tliat w*o found holds its blaze of color 
in the wide cup bracts for months, until after the see^ls have matured. 
But some of the Niduiariijms that so colorfully surround their lavender 
flowers with u rosette of bright red bracts give up that color after the 
last flower is gone. 

The fundamental motif of plant form In this family is a whorl of 
leaves fonning a rosette. In most of the terrestrial bromehads tlie 
rosette form is obvious and resembica to a certain extent the familiar 
pineapple plant. In many of the epiphytes, of both tlw rosette and 
tubular form, the leaves are held so securely above the base that they 
become most efBcient reservoirs and hold rain water constantly. In 
many of the Tillandsias the rosette form is close and the leaves are 
aeiEai—-S4 
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ocfiistric(«d and generally covered with tiny peltate scales which Berve 
as “cups." 

In die “style" of lenvea there is great diversity in color and form, 
which makes so many of the bromeiiads highly decorative plants oven 
when not in bloom. Spots, horizontal and longitadinal stripes, 
zigzag mottling and plain green, spiny and perfectly smooth surfaces, 
are leaf characteristics which, together with a wide I’ange of color from 
many sliades of green and yellow to grays, reds, and maroons, combine 
to produce the Lromeliads’ hizarre beauty. Some leaves are coarse and 
stiff, others a^ delicately drooping and grasslike. Some leaves are so 
curled and dried np that they give Httlo appearance of life, Tlie iialf- 
moll leaves of tncJiottpiii are indeed dwarfs in comparison 

to tlio 9>foot leaves of Streptoculysit fioflbwidiU 
Wide variation in tlie size of the broineliad plants is well illustrated 
even within the genus TilUnditia by tiia tiny 1-indi TiUandaia, loUacea 
and tlie huge TiUmdsia ^rmdU of Mexico which shoots a branched 
inflorescence 11 feet high. 

Most of the bromeiiads have roots, but in many Bpeciea these no 
longer function as feeders. The ability to feed through the leaves is 
particiilrirly emphasized in the epiphytic types, TiUondtia vtneiddes 
(Spanish moss) and TiUondsia deeompofUa thrive, although entirely 
lacking in so fundamental a part as roots. Tiffajid^ wmoidsi seems 
to have merg^ the roofs with the lea^-es, botli in function and in ap- 
pt.araiicc. Tiffuadiou dcconipQSiia O’! Matto Orosso develops a few 
roots in infancy and then disjienscs with them and matures with the 
leaves tenaciously curled around the twip within its octopuslike grasp. 
However, most epiphytic types retain enough roots to serve as a 
bra<vi to hold iJie plant cither in an upright position so ns to catch the 
rainfall or in a downward position (as we found them in high, cold 
Ateskan climates), so as not to hold the water which might freeze 
hetftwn tlic Icavas, This methotl of dinging to trees has been tiie cause 
of the mistaken viewpoint that these epiphytes ate parasitic. Tliey 
actually take no substanco from the trees to which they cling. They 
need only a jmsition whore they will get adequate aeration and where 
they will be able to catch tlie rainfall as well ns the falling leaves from 
trees alwve, which decompose into a vegetable “tea" in the “cup” of 
watcf. Tliis is tlie food taken in by the leaves, a process that eliminates 
tlie age-old plant habit of feeding through the roots; It may be con¬ 
jectured tiiat at the remote period when the first terrestrial bromeiiads 
were developing, they encountered Uie choking, dark, overcrowded 
junglei For siimdval they took to the trees, where they lost most of 
the feeder function of their Hwts. 

Tet it is interesting to see how quickly the hold fast roots of the 
epipliytea can be converted to function more as feeder roots, la a 
greenhouse the roots of a potted bromeliad function as feeders and 
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become 5 Uccu]entf but Tvhen the plant is attached to a tree m the iungie 
the fcjod cornea from abo^t, and the hard, and ’vriry roots are used only 
for holding fasL ilany of the bromeliadij are undoubtedly versatile 
enough to get ttieir food the easiest ^ ay, but ilia more highly epiphjtic 
types have si:) 0 cialj 2 ed to such an extent and gone so lung without root 
feeders that they simply cannot stand “wet feet^ or roots smotliered 
in a heavy soil, for they promptly rot at the base^ 

Those epiphytic faromeliads TThich out in tlie jungle accumulate de¬ 
cayed vegetable matter in die center cups must have miu w ater to make 
the food solublej and tiiose biomeliads wliich liave neither center cups 
nor feeder roots, such as many Tiliandsias, al?se need rain to help 
assimilate their food from tlie dust particles of the air. But in thn 
absence of rain, the dew collected daily in the peltate scales that cover 
their leaves enables them to Hv« for months without rain, attached 
to a limb or the perpendicular side of a rock in full sun; thus they are 
true xerophytes. 

Although Tillandsias such as usn^ides and de^&mp&sita will 
certainly grow profusely widtout the aid of roots or any visible supply 
of food, tlie experiments that I have carried out and seen conducted 
have convinced me beyond any doubt that most of the bionieliads must 
have a source of food odier than just air and rain. The plants will live 
for some time without proper nourishment if not ex[x»sed to too much 
Bun,but they certainly will not thrive, especially if they are suspended 
from w in^ as was done in an experiment in Brazil to prove tlie dieory 
that they need no food otlier than air and water. I have seen these 
plants there. They hang on wires and hooks, hundredE of them, and, 
yes, they were living—some of tliem—but they were gasping pitifully 
for existence and were dying one by one, Tiie only happy ones were 
ilio exceptionally fe^v types of Tillandsias that really can “do the im¬ 
possible.” Even pineapple plants were hung on wire, but I assure you 
that they would never bear fruit. Each plant had literally to Jive on 
itself, gradually getting smaller and finally drying up* It was n. terrific 
endurance test and, except for some of the orchids, I know of no other 
plants that could hare held on so long. 

In the fiekl I have found isolated exiimples of “natural inisplacc- 
ment”: pineapple pliUiLs and plants of Bmmelia serrOj both teiTestrial, 
whose seeds undoubtedly were dropped by birds bi the boots of a palm 
high off the ground. However, these plants were not bappy, nor wei'e 
tliey bearing fruit, but were gradually growing smaUer, 

That terrestrial bromdbds also tend to feed through tlie leaves has 
been shown by the commercial pineapple groweris, who have found that 
fertilizer tlirown into the base of the lower leaves is mure readily taken 
up as nourishment and produces fas ter growth than when it is dis¬ 
tributed only in the soil eurrounding the plant. This is an illustra¬ 
tion of the tendency of practically the entire family to be able to feed 
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through the btise of their leaves. However, I believe that the more 
primitive forms such as Puyas, Dyckias, and Endioliriiims still feed 
mostly tbrougii their roots. 

In trying to grow these interesting plants I have not learned of all 
the “food’’ they Uke, but I have Jeanied certain things they do not 
like. They cannot tolerate the dripping of water from lime, copper, 
or galvanized iron. The drip from these will burn the leaves, and 
ony such bum often kills tlie plant in a short time. Even a small 
copper wire piercing a leaf will usually kill that leaf. Wiiile they 
have an amazing capability for going witliout apparent food and 
withstntiding adverse conditions, in other respects tliey are much more 
fastidious. Any food given bromeliads must be acid, as alkalinity 
derived from water or from foreign substances is disastrous to them. 

THE EPIPBTTIC HETJtTlVES 

Before going to Brazil our interest in bromeliads was focused ou the 
epipiiytic types, From ti decorative standpoint and because of their 
interesting way of life, we fmmd them completely fascinating. The 
epiphytic tyj^ were found in the rain forests all along the coastal 
areas where it is liigli and cool at night yet warm during Oio day, 
where frequent rains or heavy dew supplied their water. Tiie trees 
Wo re laden w'iih a diizzling profusion of bromeliads and ol her epiphytes 
making unique pattern and design everywhere in the lush jungle, 

We expected to find the epiphytes wherever there were moist areas. 
A ravine, n stream, or a swamp seemed to be the very choicest spot 
for tiuim. But one of the greatest suiT)rises and disappointmcDta 
came when we collected in the huge gwamp areas of Matto Grosso. 
We had come by train from eastern Brazil to the far west, where the 
Riu Paraguay cuts tliroiigli South America’s largest awamp. Up the 
river we lind traveled for miles and had seen countless thousands of 
tre^, but they were barren of bromeliads. Only where there is an ele¬ 
vation will bo found trees and rocks that may harbor a few ciiiphytes. 
If a similar swamp area occurm] near tlie great jungles on the coast 
it would be a paradise for the epiphytes, tia well as for the collectors 
who enjoy finding them. 

The high plains lietween tiio vast swamp area and the jungles of 
tile coast section Jiave lieen the “Green Ilel]” barrier that these moisture- 
loving plants Could not cross. A fow Titlandsias that disperse by 
means of wind-blown plumose seeds hove ftuwii over those dry areas, 
and a few drought-resisting tubular types of Bilibergias and Aecb- 
meoa linve also come most of tbe way. It would be interesling to go 
back there a few thousand j’eors Iienco to see wbat dc.sccnc1aiitjj will 
be Ucvdojicd from s'lme of these pioneers, for certainly the migration 
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10 this, geologically speakings young territory vrill produce interesting 
Dew species. 

In the great primeval forest at the Cacao E.’tperiment Station in 
Agua Preta, Bahia, we found a lush jungle garden, a plant paradise 
for eager collectors. Great masses of climbing begonias Btiirtle<i 
us, Philodendrons of fantastic shapes and design blended in an 
ornate pattern with Calatheas and Tcadescaiitias of fancy foliage, 
and ferns crowded every available opening on trees, rocks, and 
ground. Many ureas were almost imimssible to walk through. If 
we were not being tripped by stout cords of Uanaa, thorny leaves 
and treacherous small palius were always reminding us of the things 
on. the ground and interfering with our more ethereal aspirationii 
of looking for the epiphytic beauties above ns. 

Tliere in tlie “upper strata" we found two huge epiphytes, both 
new species. These plants, AecAww® conifera and Acchjsiea rfc* 
pressfisf were gianOs among epiphytes. Tluj flower head alone of 
Aechnieft c&nifera weigiied nearly 12 pounds and measured 18 inches 
in length, resembling a liuge pine cone. This piimt was rc'pcslng 
.serenely and securely in the crotch of a limb over 80 feet from 
the ground. Secure it was until, w ith the assistance of three human 
“monkeys,'' we succeeded in loosening it from its aerial home and 
with ropfts lowered it to earth, TniU! epiphyte, including its several 
aide shoots, weigiied considerably over 125 pounds. From the 
ground this Aeclanea did not greatly differ in appearance from 
Aechme<t de/wesa, but the field glasses helped to convince me that it 
wns another s^iecies. That meant another tough cUmb. 

To climb these huge trees one must resort to monkey tactics and 
not try to tackle first the tree he wishes to conquer. A small tree 
possibly 1)0 feet away may be the first one to climb, for its upper 
branches will intermesh with those of the larger tree. And so with 
the assistance of ropes and vines the climber finally reaches the 
lower branch^ of tlie giant tree and then all he iias to do is to finish 
the climb and get the plant, which may be accompiislicd in aunt her 
hour or two. 

But we forgot all about the difficulties of getting it when our 
thoughts turned to the perseverance and determination that a plant 
must have to be able to live pcrcherl at such a precarious height. 
With its huge reservoir to catch rain and vegetable matter it builds 
a body heavier than almost any of its terrestrial cousins, w-lth the 
exception of some of the great Puyaa of the high Andes. These 
great Aecbmeas often hold from 1 to 3 gallons of water, which not 
only serves the plants themselves but also becomes a breeding place 
for animal life and even aquatic plants. Utriculiirias and aquatic 
mosses and algae are often found living in some species. In various 
specimens we found lixards, frogs, scorpions, small snakes, centi- 
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pedes, varioiis insect Ian ae, readies, ants, and beea, some preferring 
a particular tvpe of bromeliad. The frogs that find a jwnnanent 
^dence in the deep, dark cylinders and cups of the bromeUails 
interested us moat, and we made a small ooUectlon of them for Dr. 
Lutz. She has stated that ''bromeliads make frogs independent of 
climate and environment, by creating a special environment.” 

In dry areas of Matto Grosso I found one of the biggest and 
most curious of the tree ftogs, known as Byla because of 

prominent veins in the eye. I had a hard time dislodging this 
one. It seemed to be stuck to tlie inside of the ffillberffia eelrhui 
where it was hibernating through a dry season. I shook and shook 
the plant but finally had to cut it open, and when I pulled the frog 
out of the .ttle “canoe” of the bromeliad leaf, my fingers were ad 
glued togetlier, Tlie fmg had immediately thrown out his smoke 
scrwn, or rather, hn; rubber screen. When T touched him, a pure 
white iatei oozed out of every pore of his body. 

1 am very sorry now that we did not bring back a good supply 
of these fregs In the later rubber famine we might have hel^^ 
solve a fifitionol probt^ji^ f ^ 

The bromeliada apparently depend more on color to attract the 
fauna that act as an aid to pollinization than on perfume which in 
most flowers attracts the insects. Nectar gatherers that seem to have 
a apwial areoi^ with bromellads are the darting hummingbirds whose 
™all nimble bodies can get between the most complicated parte of a 
bTOmohad flower and whose long, thin bills my especially adapted for 
efficient use in the tubular or deep-set flowers. Judging bv the fre- 
(iiien^ of seeing hummingbirds at a brilliant bromeliad flower and 
also by the fact that hummingbirds would frequently hover around 
the r^ ram coat Mrs. Foster sometimes wore, I would say that thev 
are attracted to the long tubes of bromeliad nectar more by color than 
by perfume. In Brazil they call these dainty little birds moat 
appropriately “beija-flor,” the flower kisser. 

TIIB TERRESTBIAL ltEI..mVE3 

TTio m^ bromeliad is the terrestrial pineapple. Because 

it has Some a 

globetrotter and now seems even to be most at home in the Hawfhan 
^ands far ^roni its birthplace in Central and South America Since 
Pihefipple plant is typieal of that of other terieSrial 
fSy.” ’ have become known as the “pineapple 

The pi^apple type of foliage is common to many of the terrestrial 
w* conipnet spiny types such as D^uUrocoknia Dyekta 
and EfwAoltnum resemble each other so much in foliage thafnnts^ 
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flowers are present it is almost impossible to identify tliem correctly. 
Being semisuceulent and very eRicieiit seiophytesj tliese plants with¬ 
stand almost incredible conditions. In certain sections these fonnid^ 
able terrestrial bromeliads grow in such profusion that it is almost 
impossible to climb the rocky slopcfli for the plants are as well armed 
with spines as any cactna I know —hx fact, they are often mistakenly 
called cacti. 

Many of these extreme drought-resisting species, like most of the 
cacti H.nd other succulents, have endured adverse coiiditions for so 
many centuries that such conditions have become norma! for them— 
adverse only from our point of view. They are conditions under 
which they thrive, and should the plant fall from a ledge or a tree 
to a moist, cool, shady spot, it would probably die. If it did not, its 
growtii would be weak and abnormally fastp They have developed 
hardy qualities and are seldom found in the soft, shady places w'here 
the mote tender ones such as Vriesias, Xidulariun^, Neoregdiaa, or 
Billbergias cloister. 

Dr. Smith believes that is the most primitive bromeliad, and 
he is convincing in his argument against Mez^a contention that the 
most primitive bromeliad is Navm, He suggests tliat probably Puyas 
came into being in the high Andes and that their offspring, meeting 
new situations, pro<;luced the varjoua other genera, I, too^ surmise 
that Puyas origuiated in the territory tliat U now the Andes, but I 
suggest that they earns into being before the Andes rose to their pres- 
ent height, and that as the environment is presumably responsible for 
creating tlie various genera, they developed from ancestors tliat have 
since become extinct. 

But what about the genera, morphologically veiy clcfe to Pw/Gj that 
ate now on the eastern edge of South America, such as Gottendorfa^ 
or Primophyilum now isolated on the Atlantic coast of 
Brazil^ Finding primitive types of bromeUads so far from their 
•^pii rents,” the Pay as, ^teems to indicate that sn early ages many of 
these genera perhai>s did not evolve from the Puyas but developed 
simultaneously as a result of their environment. EnchGUriujiiy Lit\d~ 
Deutero^^hnia^ and are similar in construction, to 

Puya^ but that doea not necessarily mean that they descended from 
Puya/ they could have evolved from otlier ancestors now extinct. 

During tlie period of our tw o extensive trips into Brazil wo collected 
in thj^e extremea of country which produced the terrestrial species 
morphologically nenrest to the primitive species of Puya. In llm 
Matto Grosso on the IkiUvian border we were os close to the ^fioarC6” 
as our trip j^ormitted. 

Sising out of the vast marches in sou them Matto Grosso was tlie 
strange mountain Umeum, 2,000 feet high and 75 percent manganese 
ore. Dry areas ivere always presenting tliemselves in unexpected 
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plACOS in Bruzi]} and thb wa:3 one of lliem. Instead of the usual moists 
humid forest on the mountainside^] found a drj, dusty jungle of 
bamboos and dwarf trees through which for hours we hacked our way 
with sharp facao. It was here that \v& found Dcuterveokma Slemana, 
that unique hromeliad whose 5- to 7-foot flower stem continues to 
bloom for years from the Siinie stalk. It grew as well on limestone 
locks overhanging the Paraguay River ns on tlie manganese rocks. 
Unlike most of t})0 bromeliadSf this phmt is caulescent. I ha\'e seen 
overhanging tlie higli rocky ledges specimens probably 50 years old, 
with largej riilgcd tranks that gave them the appeamnee of pi-ofitrate 
yuccas. 

In evolutionary de\’eloj>ment Deu^erocokma is so close to Puya that 
it seems to Ixs but an advanced form of tliat genns ^‘distinguished by 
tlic advanced characters of appendaged petals and woody Imbit.’^* 

In central Brsizib on Ihe edge of the high pinteau in the state of 
Minos Gvracs, we found other terrestrials that were relatives of the 
pineapple and elosi- to I he primitive form of Pui/&- Ilijs is a section 
of mines—gold^ iron, and iliaimuKL In every direction we could see 
tlie effect of the vast de]xisibs of oii^ in the soil, and at evening the 
purple heis®^ niingled with red and yeliow glints from the sun, made a 
glowung spectacle radiaiing earth colors seldom seen outside of a 
mining district. 

It was in this section that Qlaziou, the Fmich botanist who sj^ent 
llic latter part of liia life in Brazil, did considerable collecting. He 
was a bromeliad enthusiast, and in his years of collecting he discovered 
some 65 now species in this family, a greater number than any otiior 
collector had ever found. It was interesting to find many of his 
spcciisp, end in a number of cases our sj^eclmena w ore the first found 
since the type was named. It was a keen satisfaction to be able to 
wjlltct two new Dyckias and three mw Yriesias in the rather arid 
rocky areas of Jliiias Games (with promi^^e of still other undescribed 
E|iecne3 in tlie luaterial obtained). 

In most of these rocky areas one would esqwt to find cacti, as in 
AleiJcicQ, but in parts of Brazil most the soil is acid^ whereas the 
regions of Mexkxi in winch cacti thrive are alkaline. So in Minas 
Geracs cacti were the exception rather than the rule. We seldom found 
hromcliflds ami cacti together. 

In southern Brjizil nur collecting %va^f confined to Panmd, where 
P^ckfa w»u3 typical of the primitive terrestrials near 

Pupa, ^ Unlike other Dycks as, it grew on bare gnuiite rocks on the 
Atlanlic coast at as lo^v an altitude as 6 feet bIkivg sea level. Its 
s^jes name indicates how^ dose are the Dyckias and Encholiriums. 

is one of the few' Dyckins that have develoi^cd 
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ft trunk 7 or 8 feet long. Most of the Dyckias increase by stolons or 
side shoots and form bed masses of plants. 

Clinging to the granite rocks in a sknilar position on the Atlantic 
coast j but much farther north in the state of Espirito Santo^ we found 
a new Ench^lirium, Tlife^ too, bad developed a prostrate trunk, and 
it might well have been named Ench^lirium dycktmdeSj but my descrip¬ 
tion convinced Dr. Smith timt the beat name for tlie plant was 
En/!koUrium horridumf for my flesli was badly scratched and tom 
wlien I cut my way over a huge colony of these plants with their 
formidable, stiff masses of barlicd leave®. This was the first species 
of EnchoIirijiTn to show a branched infloreisoence. It was the second 
new species hx the genus for us, as wo had discovered our first new one 
in Bahia and nanie^l it EnchoUrlmn noekne^num in honor of Dr. 
F. C. Hoebne of Siio Paulo, 

One of our trips took us into both dry and liutuld territory in 
Bahia, northern BraziL Here was a wide range of conditions, varying 
from the hot sand^ of the sea coast, where we found our new Uoken^ 
berffia to the dry caatinga similar to the me^uite lands of 

Mexico. In tins dry, shadowle^ss desert covered with tiiorny, harsh 
vegetation punctuated with a few' tall cacti wc found the new OTyp- 
tarifhujf ftoAwif/iff. During our month there we added nine new 
specie® to the total from that state, including Crppi^ntkop^U 
vioidi^s. Of tliTs latter genus only one species had ever been eoUected, 
and that by Ule some 30 ycui's ago. Hi is Siitercstiug whorl of 
delicately spined, stiff, grasslike leaves grew in a moi®t nivine in ex¬ 
tremely dry country, a habitat siitiiiar to that preferred by moat 
species of Crffpt/i7dh}i^^ 

Under the open, thorny vegetation we found another indi vidua list ic 
brortiellad^ Aeof/lashvm The dulh brown-green leaves 

of thiH plant with tbelr vivid w^hitish ban<ls look nt first glance like 
snakes. In Brazil it is one of the ino®t useful broincliads, having 
been used by the Indians for centuries—and iiow' on a commvi'cial 
scale—as a source of exceillonL fiber which is stronger than sisal 
and makes a doth tlnU h softer than Unen. The native® call the 
plant cai^&a or naniea tliat aro also n®ed for several other 

kinds of terrestrial plants that yield fiber®. 

I am convinced that the typei of country tends to produce the 
change in plants that creates varieties and species, aud certainly it is 
the adaptability of the bromeliade that has made the family fio pro¬ 
lific. Plants with this quality, like people, go plac^ and do things 
and make the best of a situation even if they have to change their 
color, habits, food, or methods of travel. Every hundred feet of 
elevation, and sometime® even every mile from tlie sea^ one sees n 
change In tlie bromeliads. IVhen soil conditions^ rocks, precipitation, 
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Hlid air currents ditFcr, the bronicUads 'n'hich have adapted themGelTcs 
to tliese changes wiU be different. 

It was especially iDteresting to observe the continuaUy changing 
parade of species during the ascent of Mount Itatlaya, which is 
nearly 10,000 feet high. At every rieo of a few hundred feet, new 
bromeliads would appear, and then gradually disappear as we reached 
higher plant strata. And yet one Vfieitia and one A.echm6a started 
with m near the bottom and stayed with us until we had slmost 
reached the top. But as we passed tJie tree line, they were 
left behind, although they attempted to stick it out on tlie sides of 
some of the large boulders. At the top, the exjjosure to wind and 
cold was too great for them, and they relinquished the territoty to 
the Pernseea it^'edae, the range of whieli is restricted to this moun¬ 
tain top. It is the sole member of its genus and seems completely 
satisfied with its isolation. It withstands frost, sun, wind, and 
drought and requires only the modicum of food that cun be obtained 
from small crerioes or cracks in tiie boulders, 

Aechjima nudieauih, on the other hand, has not been satisfied and 
has wandered all over the American TropicsL We found it in Mesico, 
Culia, Trinidad, and Bjpa;til; it is profuse in Central and Soudi 
America. It lives in titces or on rocks in the coastal area and gnu- 
erally enjoys either aim or shade. With its range extending for 
thousands of mites, its plant form and its flower do not show as much 
variation as one would expect. 

On the shadowlesa sand dunes of the Atlantic coast in the state 
of Espirito Santo we found another Aeahmea as vet not definitely 
determined but undoubtedly close to A. nudicatdis, 'it is a stiff, gray- 
lirown, tubular plant, almost metallic in texture. It grew right up 
to within a few yards of tlie sandy beach. Almost by its side we 
found a new Porfes with short, stiff IS-inch leaves. This same 
Port^sa XTB found again growing on mangrove trees in a swamp, 
jnst a few feet above the water. There its leaves were narrow, limp, 
and 6 feet long. The stiff Ae<ihmea, however, refuses to grow rapidly 
no matter where you place it, and while it docs cliango to a more 
greenish cast in color in certain locations, its growth still remains 
slow, st iff, and rough. 

An example of wliat happens to certain plants if the conditions 
are changed is found in Piliberffui dfeyw, which I found in palm 
boots ID liai-sb, dry country on the western border of Sao Paulo, 
i^ere it was exposed to both extreme drought and torrential rains. 
We brought some of these plants back with us. Those that 1 kept 
in full light and gave no water retained their original shope; the plants 
'ept in the shade made rapid growth and produced leaves three 
times their original length. When seeds of thia species w'cre planted, 
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they germinated in 2 days; at the end of 4 weeks they wete 6 inches 
high and ready to be placed in pots. At 3 months of age they were 
glabrous, succulent, green ob grass, and showed no trace of resem¬ 
blance (as mo^ bronteliads do even at an enrlier age) to the parent 
plant, which is a gray-brown, blotched plant with a texture like 
emery paper* 

Some of the species Uiat have a wide range will vary so much in 
plant form, and et the same time have flowera so much alike, that 
they would exasperate almost any botanist* Again, there arc many 
species, especially in the genus in which the plant forms 

appear to be almost identical, but which have entirely different 
flowers. I suspect that many botanists have passed by some of these 
more closely similar plants without realizing that there might bo a 
dew species among them. 

I have had one advantagiQ over the botanist who collects only 
blooming or fruiting material* I take the living specimens as well as 
the herbanum material and the plants coming to bloom at a later 
date in my greenhouse have given me fresh material to be studied 
before the proce^ of drying destroys certain characteristics. They 
have also given ma flower material which I would otherwise not 
have procured unless I had made another trip in some other season* 

From the hundr^ of visitors who come to our Orchidario in 
Florida to see the plants we have gathered comes an almost universal 
exclamation: *"It must be thrilling to go into the Jungles and get 
all these wonderful plants!” They see the romance only^ we, too, 
see that romance aa we look at the interesting flowers and plants. 
But we nfcall also other things that intensify the memoriaa of 
tropica! exploration—the bites of mo^uitoes, carapatos, bichoiis, and 
giant ants, the stings of huge swamia of bees and wasps, the pene¬ 
trating of areas where malaria, yellow fever, or Chugas' disease is 
prevalent, the difBcultIcs of transiiortalion, food, water, and shelter* 
And invariably the most beautiful flower is safely perched just 
beyond the point that is possible to reach. 

And not tho least of thc^ memories ia the preparation of thou¬ 
sands of herbarium specimens. These specimens may have to be 
made from a ll-pound juicy flower head or from stiff, spiny leaves 9 
feet long. They must be preserved regardless of the weather—^in 
tropical rains and heat, or on cold, hundd mountain tops. It h the 
surmounting of aU these difficulties and conilitions that produces 
the romance for our memory. But it is this part of the affair that 
would take moat of the romance out of a jungle espericnco for many 
people, SQ they collect their j tingle flowers from the florist. 
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2. VR|£SIA HlEi^OaLVPKiCA, 

Out ^i^ It* blunf bnul Jh iifth«HJMUJritef™[iliii»dertde.lrrtl(iiill« tvMilhHi In ita il^ inaltltlU. 



CANADAS INDLVN PROBLEMS^ 


By UiAUO^^ JEjiNBes 

Chief, UiHiion a/ AnthropotGffgy JfM^euni of Gamtidi^ 


[Wktb 4 plAt^Sj 

If you study u pliysiographic miip of Canada, or, bettor sill I, if you 
travol over t)ie Dominion in an airplane, you will find yourself irre¬ 
sistibly compelled t<i block oil the eountry into four regions, via, Can¬ 
ada east of the Great l 4 akes, the pniiries, the Pacific slope, and the far 
north. Even then you will not bo satisfied, hut will begin to subdivide 
the^ four regions, to distinguish in eastern Canada, for example, be¬ 
tween the fertile lo^vlaJida in southern Ontario along witli the valley 
of Uie St. Lawrence, and the rocky uplands, splatter^ with innumer¬ 
able lakes and rivers, that comprisa the largest part of the two prov¬ 
inces, Quebec and Ontario. Each region, each subdivision of a region, 
differs from the rest in climate, in vegetation and in fauna; and since 
the less civilized man is, the more deeply he is influenced by his physical 
cnvii-onment, so our Canadian Indians, when they first came into con¬ 
tact with Europeans, were likewise separable into a number of divi- 
sions—divisions that corresponded more or less with the geographical 
ones, but derived from differences in the mode of life, social organiza¬ 
tion and religious beliefs* It was due to these diServices, ip no smidl 
measure, that our Indians responded so variously Uj Euroi>eaji contact, 
and that they vary so greatly today in their adaptation to Euroi>ean 
civdizatiori. 

Europeans first established a foothold in the eastern part of Canada, 
where they encountered two types of Indians, nonagricultural, migra¬ 
tory Algonkian tribes of the Maritime Provinces and of the upland 
areas of Quebec and Ontario, and coiii'raising, semisedeDtary Iro- 
quoian tribes of southern Ontario and along the banks of the St. 
Lawrence* These Iroquoions were themselves comparatively recent 
immigrants into Canada. A few centuries before they had lived to the 
south, either in Pennj^lvania or within the basin of the Ohio River, 
where from neighbors still farther south they had learned to cultivate 
corn, beans, squash, and tobacco* But during the 300 or 400 years 
that had elapsed between their irruption into Ontario and Jacques 
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Cartier’s voyags up the St, Lawrenice River in 1535, they had struck 
in adjustment, as it were, with llie nonagricultural Algotikians who 
bordered tliem west, north, and east, an adjustment not unlike that 
between llic nomadic desert dwellers of Anibia and the settled vil¬ 
lagers on the fringe of the deserts. The Algonkians, that is to say, 
hunted and trdppecl along tlie lakes and rivers, transporting their 
birchbark wigwams on toiMiggana during the winter months and in 
hirchbark canoes during the summer, roasting their meat and fish or 
cooking it in portable birchbark kettles, but, generally speaking, keep¬ 
ing to themselves and avoiding the Iroquotans of the lowlauds, though 
they did occasionally exchange a few furs with tlicm for such luxuries 
B,*! tobacco ajid com. The Iroquoians, for tficir part, peacefully cul¬ 
tivated the fields near tiieir clusters of shedlike huts, and their men 
himted and fished in tlie vicinity while tlie women harvested the crops, 
manufactured clay cooking vessels, and performed numerous other 
tasks incidental to a settled village life. 

Even in the sixteenth century, long before, any European had pene¬ 
trated inland as far as Ontario, Breton, Basque, and Portuguese 
fishermen and fur traders bad disturbed this adjustmeuL They had 
upset the native economy by introducing iron tools and weapons, and 
by creating an unlimited market for furs, particularly for beaver, 
which led to the denudation of the game in certain districts and to 
widespreod movements of the native population for trade and hunt¬ 
ing. Trade rivalries and encroachments on the hunting grounds of 
others then engendered intertribal warfare that was aggravated by 
the introduction of firearms;: and the Iroquoians of the St. Lawrence 
Valley and southw'urd became bitter foes of the Algonkians who sur¬ 
rounded them on three sides, and of their own brethren in Ontario. 
Dideroncea in the social and political organization immediately as¬ 
serted tliair induence. The well-integrated Iroquois tribes federated 
for mutual protection (creating the well-known Five, later Six, Na¬ 
tions), submitted to the nile of an elected council and to the discipline 
of military chiefs, and through their military valor and skillful diplo- 
mRoy during the colonial wars won for themselves ample farming 
lands and a seiuiButonomous status when those wars ended. On 
the other hand, the nomadic Algonkians, who lacked any close tribal 
organization but wandered from one hunting and trapping groxmd 
to another in smaQ, semileaderless bands, proved incapable of uniting 
or of exercising great influence in tlie conflict between tlie French 
end English for supremacy on this continent; and, being a negligible 
factor, they were puslied more and more to one side by the ever-in¬ 
creasing flood of whites. 

Nevertheless, even these Algonkians encountered aUeviating condi¬ 
tions such as were lacking to the Indians over the greater part of 
western Canada, who did not come into cloaa contact with Europeans 
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until two centuries later. The earliest French settlers in eastern 
Canada were few in numbers, primitive in their manner of Ufa, and 
cut off entirely from the Old World except for Uie visits of one or two 
sliips each suinraer- Furthermore, tlic va.*5t majority were men who 
combined their simple farming with fishing and. hunting, or neglretw 
fiirming altogctJicr for a Ufa in tha woods similar to that of tlie 
Indians. Yet Canada was their permanent home, not merely a place 
of work and residence for a few years, after which they would return 
to Europe, as did so many employees of tlie great fur-tradiiig coni' 
panics who operated in the west and northwest a century or so later. 
Nothing was more natm-nl, therefore, than tliat many of tliese early 
Frencli settlers should marry Indian girls, especially girls who bad 
been educated in the mission schools; and tlmt the free traders who 
roamed Uie woods should take wives from the Indians who supplied 
I ham with furs. We must remember that in the seventeenth century, 
the period that witnessed the laying of the foundations of New France, 
Indians and whites were on a more nearly esfiual footing economically 
than they were a century later, whmi numerous industries such as 
milling, weaving, and iron-working establislicd themselves in the 
Maritime Provinces and along the banks of the St. Lawrence. Hence 
intermarriage occurred quite freely, half-breeds exi>erienced no dis¬ 
abilities of any kind, and both half-breeds and Indians received every 
encouragement to paiiiicipate with the white settlers in building up a 
prosperous colony. How many actually rnergjed with tlie whites wo 
shall never know, but the proportion was not inconsiderable. Many, 
of course, found the drudgery of farm life too difficult and preferred 
to maintain tlieir old hunting and trapping existence, which was in¬ 
deed the only existence possible north of the St. Lawrence watersliod; 
and it is they, or rather their dcscendanU, who occupy most of the 
present-day Indian reserves in eastern. Canada or roam over northern 
Ontario and northern Quebec. Yet even they were witnesses, and 
to a limited degree, participants in the slow rise of eastern Canada 
from a few settlements of primitive colonists to a great agricultural, 
industrial, and commercial area, and they were gpven ample time to 
adjust tliemselres to the changing conditions that unfolded themselvea 
century after century. 

It was otherwise on the great plains, whose inhabitants liad to with¬ 
stand the shock of two sudden revolutions, both brought about by 
whites directly or indirectly. We actually know very little about 
the life of these Indians prior to the first revolution, because tlio only 
explorer who visited tliem before that time was the youth Kelsey, 
and his account of his journey is ext reniely meager. In his day (1690), 
apparently the only true plains’ dwellers were the Blackfoot and die 
Oros Ventres; for the other tribes tliat later disputed the area with 
them, the Sareoe, Assiniboine, Cree, and certain bands uf Ojibwa, 
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clung to tlio foresits at this time and made onJj brief incunions onto 
the treeless prairies. Kelsey found the Blackfoot wandering on foot 
in small bands that ceaselessly pursued the numberless herds of buf¬ 
falo, lie met them, howc^-er, in eumuter only, and whetlier or not 
they too retreated to the edge of the foricsts at the onset of winter is 
uncertain. Less than 60 years later they had obtained horses from a 
United States tribe to the southwest and a few guns from Hudson 
Bay, At the same time tlie neighboring Sarcee, Cree, and Assiniboine 
Indians had begun to press into their territory, and to demand a 
greater simre of the buffalo Imnting now that the mobility giren iiy 
tile iiorse and ilie effectiveness of tlie iirearms had made hunting easier 
and more jirohtabie, Hivalry in war and tlie chose tlien broiiglit abou t 
internal reorganizations in all tiie tribes. Some of them graded their 
young men into semi military societies and adopteil a circular form of 
encampment with tlie tent of the highest chief in tiie center. All alike 
devat^ warfare to tiic level of a national s^iort, ami instituted a 
regular system of rew'nrils for the taking of scalps and the capture 
of guns or horses. 

So it came uliout that the plains became one vast guerrilla zone in 
which men hunted and were hunted without cease. The dress, the 
customs, even tlie religion of the liidiniis reflected the chimge that 
had taken place, and under uniform geographic and ecoiiouiie condi¬ 
tions tended to become uniform alsok Every tri1>c, for ample, 
adopted the institution of the sun dance, and possessed its quota of 
precious medicine bundles, eadi with its individual ritual. 

All this time, however, Europeans were slowly filtering into the 
]>rtiiries from tlie north, gouth, and easti and the indiscriminate mas¬ 
sacre of the buffalo herds by both races was rapidly destinying the 
foundation of the Indians' economic life. By 1379 the great hei'ds 
had oeased to exist and tlic old free hunting life suddenly collapsed. 
With almost no warning the starving Indians w-ere confronted witii 
their second revolution. Henceforth they had to confine tlieir move¬ 
ments within narrow tracts of land set apart for them by disdainful 
white overlords, and to divert their energies from the exciting buffalo 
hunt, witli its intervals of pleasant idleness, to the monotonous drudg¬ 
ery of farming and ranching, tasks which their forcfntliera would 
have regarded W'ith contempt. We cannot w'oiuler that most of the 
ex-warriors of the first generation lost iicart at the abrupt transforma¬ 
tion, and that for a perioti the population of the plains' Indians 
registered a decline. 

Similar declines of population are not rare. On the contrary tiicy 
have occurred in British Columbia, in parts of .\frica, and through¬ 
out olmost the whole of tlie South Seas; so commonly, in fact<, during 
the lost QOO years as to be almost the rule wherever uncivilized peoples 
have been suddeidy confronted with European civilization. Not one 
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caim only is responsible for it, bul a number of related causes. 
Changes in the economic activities and in diet have played tJieir part; 
for example, our Mackenzie River Indians are now more or leas per¬ 
manently undernourklied, aa arc many natives in other parts of the 
Britisli Empire. Then, again, epidemics of previously unknovni dis¬ 
eases have ravaged the native population in all parts of the world 
(measles, for instance, wiped out 40,000 Fijians in one year). Per¬ 
haps the roost important factor, however, has been the failure of the 
natives to reorient their lives under European hegemony and to estab¬ 
lish themselves on a secure economic basis that preserved both their 
dignity and their feeling of indepeltdence. The losg of their economic 
security and the degradation of their social status has destroyed their 
self-respect, robbed them of all oira and ambition in life, and lowered 
their morale to such an extent that they consent more or less con¬ 
sciously to tlia signing of their own death warrants. Very often the 
fault has lain not with the natives tbemselves, but with their European 
overlords; for only too commonly white governments have failed to 
realize their responsibilities toward their native subject*, and have 
allowed individual whites either to exploit them, as they exploited 
the Kanalca^s on tlio Queensland plantations, or to pusli them to one 
side as encumbranoos, as happened to the Australian blacks. 

One prairie tribe, the Blackfoot, suffered less from the economic 
shock and the ravages of disea^ than the rest, for a reason we shall 
see presently; and, within the last 20 years, all the plains^ people* 
have shown signs of recovery and of a alow increase in population, 
even though the economic conditions on some reserves are still far 
from satisfactory* A recovery of this kind is not uncommon either; 
it is occurring today, for e.tample, among the Eskimo, and among tlie 
Maoris of Xew Zealand. And just hs many causes openitcd, often in 
conjunction, to produce the previous decline^ so there seem to be many 
causes for the r^overy. In the Tropi<^ climate undoubtedly exerts 
an important iuduenc^!, because Europeans cannot develop the Tropics 
without native labor, and a growing real issat ion of their indispensa- 
billty increases the natives^ economic security and social independence. 
Both within and without the Tropics, again, natives whose economy 
was already based on agriculture have generally fared better than 
tbo^ who, like the Australian blacks and most of our Canadian Indians, 
supported themselves entirely by hunting and fishing; for the new 
regime, while grently modifying their daily life, has not demanded 
a complete tranrfonnation. It. is partly for this reason that in eastern 
Canada our agricultural Iroquoian tribes have prospered more 
the previously nouagricoltural Algonkiati, even where the latter have 
been placed on reserves with equally fertile soil. 

We can discern still another reason, however, for the greater pros- 
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peritj of the Iroquoions, iiiid particularly of the Five Nations. At 
the time of tlieir greatest crisis, i. c,, at the close of the colonial i^ars, 
they irere organised into a more compact unit tlmn tlie AJgonlriaiis, 
Euid they were led by men of courage and vision like Joseph Brant. 
The same factors account for the resilience of the Blatkfoot. It ^vns 
the aide leadership and far-seeing wisdom of their chiefs, especially 
of Crowfoot, that braced them against the shock of confinement, en- 
couraj^d tJiem to direct their energies to the growing of wheat and 
the raising of cat tie and horses, and maintained their morale at a 
high lai-el while that of the other plains* triltes languished. These 
two exiimples from our Canadian Indians—orcamples that could be 
multiplied tile world over, among civilized and uncivilized peoples 
alike—illiisirute a truth that wo often overlook, viz, tliat the strongest 
foii^ for tile regeneration or upbuilding of freoples come fixun within 
their own ranks, not from without. Always the driving force is some 
seemingly high and noble ideal, but this ideal moy lie dormant for years 
und even centuries (as did the longing for liberty in Finland and 
Poland) unless isoinc great leader arises to give it voice and to carry 
(iie people with iiim. Every administration that deals with a native 
race, therefore, should aim, first of all, to inspiro or foster in that 
race some desirable goal, and then to promote the evolution of native 
leaders who wili comimind the csonfidetice of tlicir people and guide 
them toward tiiat goal, 

Tlie steadfastness of the Blackfoot ivhen they were firet confined to 
reseiwes, and the progress they have made since in readjusting their 
lives, Ecarcoly afFcctevl the other plains trilics, whow partial recovery 
lu recent years must be attributed to their own vitality. As the older 
geneinfion passes away and the tmditioiLs of warand hiifTnlo hiintlnf^ 
fade more and more from memory, the younger Indians in these 
are gazing out on a new world. Occasional travel by rail, but espe¬ 
cially by automobile, is helping to enlarge their outlook, and the hope- 
lesaiicsa that gripped tJiem when they were first banded on reserves is 
slowly passing away. Tliey have noticed the economic distress of 
tile white farmers on the prairies during the last decade, and they are 
realizing more and more cacii year that, however benevolent the gov¬ 
ernment may be, however it may protect and safeguard them, in the 
last analysts their future and that of their children depends principallv 
on tJieir own [personal e fForts. 

Our picture changes completely when we pa,s 3 to the Pacific coast, 
niere the climate ia milder, the vegetation and fauna very different 
from those in otlier parts of Canada. Any inland tribes that pushed 
tlioir way thither through the barrier of the Bocky fountains found 
conditions so favorable tliat they never returned. Actually the main 
^puJation drifts seem to have been from Alaska southward down the 
interior plateau or along the coast. The region was largely a cul-de- 
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sae whose inhabitants, though ignorant of agricuUuTej erolvod an 
amadngly rJcIi culture on tlio foandation of their local resources. 
These resources were themselves unusually rich* The sea and rivers 
yielded fish in astonishing abundance, wild fruits were plentiful, and 
the forests supplied magnificent tiniber tliat was easily worked with 
stone or bone tools. 

At nuTncroiis places along the coast line, then, there ^iood in pre- 
European daj^ villages of plank houses such as existed nowhere else 
in America. Some of these houses were of extraordinary size, and 
adorned with those enormous carved pillars that we now commonly 
call totem poles* The villagers themselves roughly separated into 
three grades, nobles, common people, and slaves, the latter either 
prisoners taken in mids on neighboring communities or the descendants 
of siich prisoners. With abimdance of food, particularly of salmon, 
life was rather easy, and the months of autunm and winter were de¬ 
voted largely to entertainments, both secular and religious. The 
nobles, who acquired their status by inheritance, vied with each other in 
giving elaborate feasts or potlatchce, and the ceremonies and rituals 
that accompanied these feasts stimulated the arts of weaving, paintings 
and wood carvings as well music and the drama. In art and drama> 
indeed, the Pacific coast natives far surpassed all others in Canada; 
their unique wood callings have attained a world-wide reputation. 

A iiutixber of European ves?ela visited tliis British Columbia coast 
in the eloaing years of the eighteenth century, but colonis^ation began 
only in the first quarter of the nineteenth, artd then it was confined to 
a small district around Victoria. By the middle of the century, how¬ 
ever, the tide of immigration was Qowing in great strength, and already 
disrupting the economic and social life of ilie natives throughout the 
entire prfevince. European disregard of all distinctions of rank, the 
abolition of slavery, and the introduction of new standards of wealth 
which the es-slavc could ncquire^ more easily perhaps than his es- 
master, destroyed every vestige of local authority En the villages, while 
at the same time tlie establishment of fishing canneries seriously inter- 
feretl with their princlpiil food supply► The mechanical age had just 
opened. Steamers were plying up and down the coast; lumber com¬ 
panies with snorting donkey engines and high-rigging tackle were 
invading the forests. With almo^ no preparation or warning Indians 
who had not yet fully emerged from the stone age found themselves 
caught in the maelstrom of modem indust ry and commeice. 

The first result was a frenzied accelciation of native life. By hiring 
out their labor to Euroiwans, Indians who could never have hoped for 
social advancement in their communities were able to amass enough 
food, blankets^ and other goods to hold great feasts or potlatches, to 
iissiiine the rank and titles of nobility, and to extend their fame among 
nil the neighboring villages. At the same time the introduction of 


374 AMUrAL HEPOHT S^IrTHSO^^A^^: iKanTDTIOS, 1&43 

metal tools facilitated wood working, and not only chiefs, but es-com- 
moners and even ei-slaves began to build enormous houses, to sot up 
lofty totem poles, and to wear at ceremonies elaborately carved wooden 
masks. Rivalry among the more prosperous Indians increased the 
frequency and magnificence of tlie potlatches; men toiled and saved for 
years merely for the glory of entertaining 3/XX) or 4,000 guests for 
7 or 8 days. * Finally, in somo districts, the old custom of giving away 
presents at these potlatches—which was really s primitive hanking 
^tem, since the presents were redeemable—degenerated into reckles 
squandering and even tlie wanton destruction of property. Naturally, 
this only Increased still further the jealousy and strife, besides threat¬ 
ening widespread destitution. Accordingly, the government inter¬ 
vened and strictly prohibited all potlatches, including under that term 
every ceremony, religious or secular, at which the giving of presents 
lind I>een customary. Tlie turmoil in the villages tlien died down; 
but the measure was purely negative and had an unfortunate psycho¬ 
logical effecL It destroyed the ambition of the natives by depriving 
them of thoir traditional means of social advancement without helping 
them to improve their economic and social position vis-a-vis the w’hite 
population. Very few of them had successfully taken up farming. 
The majority worked for tlie fishing canneries, where the men had 
now to compete with well-organiKed Japanese fishermen; or they 
gathered fruit and hops, worked as dock hands iu places like Vanoou- 
Tcr, Victoria, and Nanaimo, or found employment b lumbering and 
siniilar occupations, for the most part seasonal, that provided only the 
barest suhsistence. Civilization had burst upon them fio suddenly that 
they were bewildered and unable eitlrer to avoid its evils or to see and 
grasp its opportunities. European diseases decimated their ranks and 
the population dropped at an appalling rate. Some of the girls mar¬ 
ried white men, or, in rare cases, Chinese; hero and there a man broke 
away from his fellows and merged with the whites; but the greater 
number dung to their old settlements (which the government finally 
converted into reserves), and watched with hopeless, unoompreheuding 
eyes the growth of industry and commerce around them. Scattered 
in tiny communities without any semblance of union, they could de¬ 
velop no leaders to guide them out of the moras. Their regenera¬ 
tion seems possible only from outside stimulus and leadership, such as 
is now meeting with success in Bella Bella and a few other villages. 

It is interesting to notice that Japan, on the opposite side of the 
Pacific, was caught in the same maelstrom as our Pacific coast Indians, 
and at precisely the same time. Japan, however, was a densely popu¬ 
lated nation with an ancient civilization grounded on the intensive 
cultivation of the soil. She possessed the tradition at least of unity, 
her political freedom wos unimpaired, and her ruling nobles were able 
to pool their efforts and work out their country’s salvation on a definite 
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plan. Our ludiuns, on the contnity, numbered only two or tlim score 
thousand individuals scattered through dozens of politically Indepen¬ 
dent hamlets, and speaking half a dozen mutually luiinteUigible lan¬ 
guages, Politically, tliej were incapable of uniting and presenting a 
conimon front, even if they could have found a leader, iloreover, they 
were fishermen and hunters who had never tilled the soil until the 
early Europeans taught them to grow a few potatoes. Hence when 
the fisliing companies monopolized the runs of salmon, which had been 
tlieir staff of life, each little community bad to make its own adjust- 
m ^nt and cither change its mode of esistenca entirely or disappear. 

If the Pacific coast with its abundance of fisli was an eatreinely fa¬ 
vorable area for human habitation, and indeed, before the coming of 
Europeans, the most populous region in Canada outside of soutliem 
Ontario, where the cultivation of corn permitted a greater concentra¬ 
tion of population, the basins of the Mackenzie and 1 ukon Rivers, like 
northern Ontario and northern Quebec, were vei^ unfavorable. The 
rigorous climate prohibited agricul ture, even had it been know ii, Fisli, 
while comparatively plentiful in the lakes and rivers, did not run in 
large altoaU, like the salmon of the Pacific coast, and their capture 
involved extreme hardsiilp during 6 months of the year. The real 
mninatav of the Indians was the caribou, which supplied not only food, 
but clothing and coverings for the tent j but lu the forested areas the 
caribou roamed singly, not in great herds like the species on tlie barren 
lands, so that the Indians had to wander about in groups of two or 
three families, that feasted when the chase and fishing were successful 
and starved when tliey failed. Life thus alternated between plenty 
and starvation. The weaklings perished on the trail, since there was 
no fixed home where they could find shelter, or stable food supply 
that could tide them over a criticol period. Few sociid amenities 
lightened the unending drudgery and hardsliips. It was a region of 
poverty, material and apirltual. Nevertheless, it enjoyed one blessing. 
It was a fairly peaceful region, because one area was scarcely prefer¬ 
able to anotlier and the tribes had no inducement to encroach on each 
other’s territories. 

The advent of the fur traders in tlie seventeenth and eighteenth 
centuries destroyed this peace without relieving the prevailing poverty. 
Tlie two tribes that bordered the fur posts on Hudson Buy, the Cree 
and the Cliipewyan, tried to monopolize for themselves all the benefits 
of this trade. Equipped with guns, the Cliipewyan reduced their 
neighbors, the Yellowknives and the Dogriba, to a state of serfdom, 
while the Ciee puslied westward, drove out the Indians who inhabited 
the upper waters of the Mackenzie River and took over tlie territory for 
themselves. Turmoil and strife prevailed through the entire region 
until a terrible epidemic of smallpox towTird the end of the eighteenth 
century carried off nearly half its inhabitants. Even then the tribal 
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enmities that had been engendered persisted, and occasioned mote 
than one massaore in the first half of the nineteenth century. Peace 
has now preirailed for 100 years, missionary and tradhigs posts are 
scattered over the whole area, water and air transport are opening 
it up as a tourist playground, and the mineral wealth in its. rocks 
is being exploited more nnd more with each jia-ssing year. Yet tJie 
Indians have failed to make any appreciable progres^^ Hunting {in¬ 
cluding trapping) and fishing still remain almost their sole means of 
subsistence, and the returns from these occupations arc decreasing 
rather tium inereasing* It is true that tlie murderous blood feud has 
long been uuppre^ed j timt infanticide and the abandonment of the aged 
and infirm have ceased, and that there are now^ very few deatha fi'oiu 
outright stan^ation. NeverUieless their standard of living is so low 
that the majority are permanently undemourislied. This makes them 
ready victims of every sickness, particularly of tuberculosis, and, com¬ 
bined with the hardships of a hunting life, produces a very high 
mortality* 

Now it ia quite probable that these northern Indians have always 
boon undomourished to some extent, and that it was partly under- 
nourisliment tliat made tiiem le^ virile than otlter Indians, m their 
early history seems to indicate. It would explain also why, generally 
speaking, they have shown no resourcefulness in meeting tlie changed 
economic conditions of the last 100 years, or any desire to adopt them¬ 
selves to Uieir now envlroiunent. Tliey are good canoemon and 
puckers, tasks that they liave performed for centuries; but in all 
occupations connected with industry and coirunerce they have shown 
themselves hitherto inefficient and unreliable. Their numbers are de¬ 
clining; both their economic condition and their morale are at a low 
ebb- Their regeneration is an exc^dingly difficult tsisb, hinging very 
largely on the economic resources of the territory (which arc still 
ini perfectly known), and on the development of these resources by 
the white man. The Indians are themselves one of tlie resources, for 
they are a fixture in the territory; they cEmnot, like white men 
w ho enter it, pull up their stakes and return EKiutb if the living becomes 
unpi'ofitable. The chief problem therefore is to restore tlieir morale, 
and to raise their standard of living by providing remunerative em¬ 
ployment for wdiich they will show some uptitudo. And this w^ill tax 
(lie wjstlom of the most far-sighted government, 

Tlie Arctic const of Canada was a realm, of ow n, and its inhabi¬ 
tants, the Eskimo, differed from all the otlier aborigines of America in 
language, appearance, nimle of life, and—‘whiit is less often stressed, 
though it has tremendous influence on a people^s survival—iu 
temperament* 

There is no need to describe Eidcinio life—how it rested solely on 
fiishing and hunting, particularly the hunting of sea mammals, and 
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bow it varied in different parts of the Arcticj and at seasons 

of the ymv^ Inevitably it involved gix+at lianishipSj and tbe mortality 
everywhere was very high- In the Canadian Arctic especial I}' tlie 
population density esti^emely low owing to the comparative scar¬ 
city of sea mammals; long ^ti-etches of coast line carried no inhabitants 
at LiU. The total number of Eskimo-speaking people today^ from the 
shores of eastern Siberia to Greenlandj is only about ;; and there 

is no evidence that it over exceeded that figure. 

It was in Greenland tliat Europeans first discovered the Eskin>pj 
at the end of the sixteenth century, if wo leave out of account the 
early Norsemen, whose colonies were 8fnirto$ v^rsenkt During the 
next few decades these Greenland Eskimo, like those of Canada and 
Alaska later, w ere demoralized by the crews of w haling shii>s and deci¬ 
mated by E u rot>ean-brought diseases. I n the eight centh century, how- 
ever, Denmark insulated the country by making all trade agovoriiment 
monopoly and beg^m to administer it on the principle of *^Gre<mlimd 
for the Grceulaudcr^J.” Eskimo became the official language through¬ 
out the island, and its inhabitants wet's gi'aiited in time a considerable 
measure of self-government. During the last hundred years the popu¬ 
lation has steadily increased until no’iv it exceeds 11,000. Intenuar- 
riage with whites takes place quite freely, and most of the present- 
day Greenlandcre carry in their veins it greater or less percentage 
of Danish blood. 

Whaling ships did not frequent Hudson Bay and North Alaska in 
any numbers until tlio second half of the nineteeutli centiiry^ There 
too they loft a diminished populatioUj one that had become equipped 
with rifles and metal tools. Nevertheless, they did not greatly disturb 
tJie daily routine of l!^kiri3o life as it hud existed fur centuries. 
The fur trader's who succeeded them, however, exerted a more jxirnia- 
nent influence. Instead of hunting seals on tlie Ice close to shore dur¬ 
ing the months of winter the Eskimo now' trap foxes, and their diet at 
tliat season Ims changed in some re^oiis from 100 i^rcent meat and 
meat broth to 60 percent and even TO percent flour and tea* Their 
clotldug, too, has altered. Originally made entirely from caribou 
fur except the outer footgear, which was of sealskin, it now consists 
partly of w'oulen and cotton garmentsj aud under the conditions that 
prevail ill the Arctic these gnrnicuts are seldom washed, and some¬ 
times not even removed until they rot* Inadequate diet and unhy¬ 
gienic clothing ere tims impairing tlie physique of the EkErimo in many 
j^lacea, even though there are few^er deatlis frotu outright famine* 
Wiether tlieir numbers are still declining along tbe more northern 
coasts is unknown, since there has never been even an approximately 
accurate census until the last 10 years. 

In Canada, as in Alaska, tho authorities have msde no attempt to 
isolate tie Eskimo. Subject to certain regulations, Arctic Canada is 
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open to all and trade h free, though the Hudson^s Bay Company enjoya 
a tirtual monopoly ovar a large area. No edueationnl facilities exist- 
apart from the rudimentary teaching of Engljsh in a few missions. 
In Alaska there are regular day schooU in aU the larger Eskimo centers; 
lliey too employ English as the medium of instruction. In the Green- 
land educational system both day and high schools employ the Eskimo 
language, though the teaching of Danish is now conxpulsory. 

In dealing with her Eskimo population^ therefore, Canada^ like the 
United States, has followed an open-door policy tliat implicitly aims 
at rapid asalmilcition, whereas Denmark has adopted a policy of segre¬ 
gation and tutelage similar in many respects to Canada’s policy with 
her Indians. The merits of the two systems have been widely disputed, 
not in reference to the Eskimo onlj', but in refei'ence to many native 
populations the world over, even the colored population of the United 
States. In tlie South Seas, where Euro|>eans liave deSuitely rejected 
segregation, the Maoris are increasing in numbers and merging tran¬ 
quilly with the whites, whereas in Tahiti and other islands their 
Polynesian bretliren are rapidly declining. The Japanese have segre¬ 
gated the Ainu, Britain has insulated theNagiisof Assam, Belgium its 
pygmies in the Congo, South Africa its Bushmen and some of its 
Bantus; and Australia is considering the segregation of its blacks. 

Now it is dear that^gregatian docs not in all cases carry the same 
aim. No one expects, under the tutelage which segre^tion pemdta, 
thst the pygmies of Centra] Africa, the Bushmen of South Africa, or 
the Australian blacks, will advance to such an extent that they con 
some day stand on their own feet in competition with other peoples. 
Segregation in their cases is dictated by considerations of humanity 
only, the same considerstions tliat lead us to build old men^s homes for 
the indigent poor. These natives are comparatively hw m numbers, 
they are incapable, w'e believe, of making any Imixjrtsnt contribtition 
to the progress of man upon tbts cjirlh, and if they should become 
extinct within a few generations or centuries the world w ill presum¬ 
ably be none the poorer. Whether they are doomed to disappear 
quickly or to remain in tutelnge for as long as we can foresee, our 
moral sense compels us to make tliek lives no less comfortable and 
happy than our own. 

Not humane considerations only, but econoruic ones also inspire the 
segregation of certain Bantu tribes and of the Nagas of As^m. Th® 
numbers of these peoples run into millions, and they inhabit large 
areas of fertile tropical land that the white man, even if he tries to 
colonize, cannot develop without native Inbor. Hence he must either 
protect the local inhabitants and train them to develop their territoriea 
themselves (in the beginning, at least, under his hegemony), or he 
must permit their dispossession by Hindu, Chinese, and other peoples 
who are also adapted physiologieaily for a tropical Life, 
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In tlie cnsea of segregation just noted tliere is no mtention, explicit 
01 * implicit, toencoiirftffe any merffing of the protected races with their 
protectors, because white people, parlictilarly thow of Anglo-Saxon 
and Teutonic stocks, hare strong prejudices againet intermamagB 
with colored peoples. (Japan, wc may notice in passing, likewise 
discourages the intetmairiage of her nationals with the Ainu). But 
when Denmark insulated the Eskinm of Greenland, and the United 
States and Canada plac^l their Indians on rcseires, not only did they 
aim to raise the Greenlanders and the Indians up to the white man’s 
cultural level, but they looted forward quite frankly to ulttm_ate 
amalgamation. There was no color bar to prevent this amalgamation, 
no prejudices other than the economic and cultural. The natives were 
eitpected to mingle with the whites on equal terms as soon ns they 
reached maturity and gradually to mer^ their blood. Hence the 
insulation or segregation of these peoples is merely a temporary expe¬ 
dient equivalent to the placing of orphan children in training institu- 
tionsi it is a very different measure from the Begregation of the Bantu 
and Bushmen tribes in Africa, or of the blacks in Australia. 

It would he wrong to suppose that this segregation or insulation of 
the Indians and Eskimo aimed at eliminating every trace of their old 
cultures and blotting out tlieir languages. Both peoples have already 
enriched oiir civilization in many ways, and may cODoeivably enrich 
it still further. In educating them to play a part in the gnomic and 
cultural ftctivities of the modem world we desire to eliminate only 
such features of their former life as definitely hinder their progress 
and render them less adaptable. Accordingly, in Greenland, Denmark 
has promoted tbe use of the Eskimo language and the hunting of 
seals in kavaksj but she has also cnforcctl the study of the Danish lan¬ 
guage and culture, has developed fishing into a large-scale industry, 
and, wherever possible, fostered new activities such as the breeding 
of sheep and goats to raLse the economic level, 

Canada’s administration of her Eskim o has the same ultimate aim 
na the Danish, even though from geographical reasons it necessarily 
follows a different course. Greenland Is an island that until recently 
vra« accessible only by sea during a few months of the year, and it 
lacks anv large deposits of minerals except some relatively unimportant 
cryolite beds. Only its sealing had any attraction for foreigners, and 
that -was located largely off the uninhabited northeast coast. In closing 
the country to foreign traffic, therefore, Denmark ran no risk of inter¬ 
national coniplications, and in cloefing it to her own people aim aroused 
no internal dissension, because it was not a field for colonization or for 
any enterprise that looked for profits. Whether it been closed long 
enough, and whether the Greenlandera, now admittedly more Euro¬ 
pean than Eskimo, can successfully administer their own affaire, is a 
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question tUflt in being keenlj disputed in Denmark, We may leave it 
to that couiitry^^s decision and contrast the Canadian Arctic* 

The Eskimo population of Canada haa al’^vays been mticlt smaller 
than that of Greenland (it numbers today,^ including Labrador, only 
about G,^0); and it is dbtribiited over many times the length of 
coast so iliat tlie settlements are farther apart and more isolated. 
Moreover \hh coast Uiio (even BafTin Tdand) is an integral pait of 
the mainland of America, accessible botli by land and by sea. The 
baglily mineraliKcd pro-Cambrian zone touches it in several places, 
and each year air transport brings the most remote ureas into closer 
touch with the centers of civilisEation forther scaith* Today the region 
lie tween (ireat Slave and Great Bear Lakes is experiencing a mining 
boom; next year it may be the hunting grounds of the Eskimo between 
Great Bear Lake and the Arctic Ocean. No administration, therefore^ 
could possibly insulate the Canadian Eskimo from the outside world 
unless it concentrated them into one Rrea,e.g.*. the northern archipelago 
or the region round the Magnetic Pole; and in. that narrow sj^ace most 
of tliem would perish from starvationj so limited are the fooil resouiTOs. 
Moreover, no one can foresee die future of aviation. It ia quite possible 
that within the nest 20 years airplanes will he fl3nng on regular sched¬ 
ules between Europe and America over the Canadian Arctic, and that 
the region will be dotted with emergency landing stations. 

Insulation or sogregution of the Canadian Eskimo is therefore im¬ 
possible, They must sink or swim in civilization's tide, with no period 
of tutelage to equip them for the struggle, and with only such pix>tec- 
tion as an open-door policy will permit. Even their Janguage will 
disappear before many generations, because their ^®ttlBlnellts have little 
or no contact with one another, but trade almost escluKively with white 
I non who only rarely understand their tongue. To preserve its identity 
and its iangiiage in the face of outside pre^^ttc a people requires? the 
cohesion given by population mass, and this the Canadian Eskinio 
definitely lack 

Nevertheless, the temperament of the Eskimo is the strongest guar¬ 
antee of their survival, though not as a neparate people. Whether 
l^ecaiise or in spite of their difficult en^di^nmcnt, they hove developed 
iliroiigh the ages a most unusual cheerfulnm and resourcefulness that 
have already withstosKl the shock of European impact and will cany 
them tlirongli the adjustment period* Tlieir temperament will facili¬ 
tate their intermarriage with Europeans and leave its mark on their 
descendants^, so that in years to come the American Arctic, no less than 
Greenland^ will l>e inhahited by hardy frontiersmen carrying in their 
veins a strain of Ej^kJmo blood, but speaking a European language. 
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Dakar is tlia only citTj in Europe^iin (or Opcidantal) sensc^ in 
the whole of West Africa, No other center shows the clear-cut areal 
differentiation of functions that characterizes the tipbs 
Its urban—in a smaU way even metropolitan-K^haracter cannot be 
attributed to its creation by Europeans less than a centu^ ago^ 
because this differentiation of functions ha& evolved only during the 
past three dc<'acie3+ TThe absence of any significant settlement on or 
near its site until the late nineteenth century heightens the paradox 
of its present ranking position among rivals, whetlier newly founded 

or centuries old. ^ ^ ^ * i j 

Tile enigma of Dakar promisee solution if the city is consmered 
in issociation. with its intimate neighbors. Together they form a 
design ill lustorical geography close to the tropical Africa, 

liuropeans, upon their advent in. the period of the diKOverieSj traded 
intermittently with indigenous farming and fishing villag^is of the 
Cape Verde Peninsula. Sulisequently they established a stronghold 
on an island close to iore an headqoartera for trade and adunnistra- 
tion of affairs. In time a lighterage landing place on the continent 
absorbed the commerce, leaving to the island it a political f one t ions. 
Fin ally, an artificial harbor on the continent proved sovereign over 
both its predecessors and drew to itself all the functions both had 
exercised, adding to them now functions of its own. 

In this course there is nothing to set Dakar apart from several 
other places tilmig the coast. Its preeminence oppears natural, how- 
tverj in the light of the sliiftK in items, values, and touiea of African 
trade during five centuries, the quality of the unique location amid 
revolutionary changes in the political and technological structure 
of the world, and the variety of the associated sites, which permitted 
flexible utilization to suit advancing needs. 
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3S2 AXT'JTJAL REPOHT SMITHSONIAN INSHTirnOir, 1942 
THE INDIGEKOnS AFRICAN SCENE 
THE FHTHrcAjL sijrnNo 

Seeji from nn approaching ship the westernmost land of Africa 
emerges above tile horizon ns a group of cHffed islands, flat or gently 
rounded. A nearer view discloses that the highest of these eminences 
ere linked by a somewhat lower platform, behind which low ground 
extends northward and eastward. A map (fig. 1) shows this low 
ground to cun c on each side In a wide concave arc to the mainland 
of the continent, 40 kilometers away. 

This peninsula is the Cape Verde tomboto, product of emergence 
combined with deposition by waves and currents. The promontory 
called Cape Verde faces west, and behind it rise tlie rounded Mamdics, 
the western and liigher one to 103 meters. Some 10 kilometers to 
the southeast is Capo Manuel, a cliff of coluomar basalt rising 40 
meters out of the sea. Between these heights somewhat lower ground 
is capped by altered limeatotie, which juts out in promontories to 
make a festoon of coves all around the headland. 

Tlie higher cliffs are skirted by talus, and at their base the waves 
break on beaches of largo black boulders. Sand, worn from the 
limestone or brought from the Sahara by marine currents, has softened 
the physiognomy of the coves on tile seaward faces of the peninsula. 
On the north, strong surf and north winds have heaped beach and 
dune the length of the shore line. On the inner face, tile long, gaudy 
curve of beach that fomu} tlic south shore of the tie to the mainland 
gives way to the headlands of the south-trending coast. The coves 
between these heads are progressively leas sandy, the eouthemmost 
having n stony beach. Unlike tho coves on the'Atlantic side, they 
lire not dlted by the predominant northerly winds and receive incre¬ 
ments of sand only from the beach to leeward. The tombolo bar is 
4.4 kilometers wide at the narrowest point and 40 at the base. 

Two basalt islands not yet tied to tho mainland flank Cape Manuel. 
They are only slightly lower, and they duplicate in miniature the 
physical character of the peninsula. A few low islets sprinkled off 
Cape Verde are a menace to navigators but are otherwise negligible. 

The basalt Islands and Cape Manuel are waterless and barren. 
In the rainy season the limestone plateau is moistened by seepage 
from dnnea ^ndiiig upon it. On the calcareous sands of the tombola 
bar the uulnterrupted beaches convert streamlets into backwaters 
and mattihes, and the lines of fixed dunes act as reservoirs feeding 
water Into the depressions throughout the year, 

A few palms fringe the marshes, but elsewhere tlie native trees 
are baobabs, which dot tho peninsula and give it ita often-described 
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distinctive appearance.’ Whether or not the landscape appc'ars green 
enough to justify the naiue Verde'^ depends on the time of 

year. Throughout the long dry season^ lasting from October until 
June^ the grajj silo-shaped trunks of the leuQess baobabs,, the diisty^ 
parched grosses, and the stubble of millet mate a dmb scene^. Doubt¬ 
less even thisj however, would look refreshing to sailors from Europe, 
dazzled by the hundreds of miles of Bcnd-dimo coast that borders 
the Sahara. WTien the rains come, the Cape does turn incontestably 
Terdant. The baobabs leaf out, the marshes dil and put forth new 
growth, and the plains push up a stand of mUlct that grows <i feet 
tall in its brief life^ 

All this verdure is die product of downpours hctweou mid June 
nnd late October (table 1), The peninsula lies in tbo belt of semuLrid 
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climate bet^recn the arid Sahara and the Sudan, where rainy and dry 
beasona are of about equal length. As in all other semiarid regions, 
its rainfall is unreliable. Tlie heaviest cloudbursts are brought by 
the rather infrequent “tornadoes.” These may occur at any time 
during the rainy season but are likeliest at the beginning. Dense 
clouds pile up swiftly from the east, sky and sea turn black, and a 
violent thundersquall ensues. Witliiii iialf an hour the wind turns 
west and the storm is over, but rarely without damage to trees and 
Ikabitations.* 


Table L — RitinfaU in Dakart for ^ 



J 

F 

M 

A 


J 

s 

A 

6 

o 


D 

Year 

Jlainfall tuini.)_ 

1 

1 

0 

0 

0 

17 

74 

2^2 

137 

41 

2 

3 

340 

Rainv days _ _ __ 

1 

0 

0 

0 ! 

0 

^4 

7 

H 

11 

3 

1 

1 

41 


MnjtimumanjiLJAl rMnlnll (1^), mmimiim anQuia ntltifaU (J913), 30S 

mm . * 

i Data fpom L. kit Ie rlputlUciD locinablKn el honite tUi I 4 plultt i Dakar, Id 
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D^dafiLhl4 FnfifAlM, Scr. 3, |iPr Tl-7■^, J.IIII97. 

Tfie ordinary' mins ate brtJuglit by monsoon wiiidB from the west 

during the period of tnnximum insolation in the northern half of the 
African continent. Throughout the season the air 13 steamy and the 
horiston white with water vapor. J*or a month or so after the rains 
the sky is cloudy during a considerable part of the daj'time, and the 
humidity remains high. 

ITie dry season is marked by light northerly winds that prevail 
to an altitude of about a tliousand meters. Since they pass over 
I ho ocean to reach the peninsula, they bring rattier high humidity. 
Occasionally tlie dusty harmatlon blows out of tlie east, reducing 
relative hiuuidlty and raising the temperatnre. It seems to pereiat 
above tlie tiorlherly winds during most of the dry season and perhapo 
accounts for the whitish blue of the sky. Tiie uppermost air currents 
move from south to north durLtig tlie dry months, at about 40 kilo¬ 
meters an hour.* Tlie stability of the winds favors aviation. Except 
for tornadoes, the movement of air nt ground level is a breeze rather 
than a w^ind. 

The annual range of temfierature is rarely greater than 6 " C., 
the diuniai variation is commonly 5" to 23" are typical readings). 
It gets hot as soon as the snn is fairly up and stays hot until near 
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Eunset. In tlia shade sensible teniperaliirB is much loiter, except 
during the rainy season. Tlien the nights also are stuffy, but for 
g months they are pleasant. 

aborioinal ufe 


111 this raiher unpropitious environment a small African popula¬ 
tion lias been sparsely scattered over the peninsula for untold genera- 
tions. Presumably the prehistoric inhabitants gained their meager 
living os did their descendants described by early European travelers— 
from tishiiig, supplemented by such cultivation as the short wet 
season mode possible.® Diggings show that water supply determined 
their distribution, Tire springs at Hitiin and Rufisqiic seem to have 
attracted the densest populations. There water seeps from sand 
dunes; el^^where wells must be dug. 'Ihe Hanii site had the further 
advantage of a surf-free lauding for fi sh i n g skills. 

men Europeans undertook settlement in the vicinity, they found 
numerous hamlets fringing the coast and a smaller number on interior 
sites at the base of lines of dunes. The people were tall, velvet-black 
ifegroesj a branch of the TVo'lof. Alost of the coastal seillements 
se em , to have used brackish water from marshy backwaters, though 
some hud shallow pits in dunesides. Those cut off by sand or marsh 
from arable hind exchanged their fish for millet raised in interior 
villages. Oil and wine came from the palms that straggled along the 
backwaters. Tlie brush and fallen trees furnished firewood. Wattle, 
baskctw'urk, and thatch were building materials for huts and gran¬ 
aries. All these items except fish were getting scaiee by Uio beginning 
of tlie nineteenth century, ilillct, planted on one-tliird of the land, 
was reported to have been insufficient to support the inhabitants, 
numbering 10 to 12 thousand.® 

Today all the villages are modified by the presence of tho French- 
African city of Dakar. Several have been engulfed in the metropolis, 
to which one, in vanishing, gave its name. Perhaps the fishing 
villages on the north const remain mueh os they were before tlie 
Europeans came. 

K'Gor is typical of these hamlets of native huts and granaries. It 
stands on tl;e crest of the continuous line of dunes that Imve piled 
up to a height of 8 or 10 meters above tlia wide white beach (pL 1, 
upper left). Among the houses are tiny gardens of squashes and 
beans, partly protected from drifting sand by mats held upright be¬ 
tween stakes (pi. 1, lower left). Fresh water is drawn from wells 3 
to 6 meters deep, dug in the front slope of tho dunes and walled with 
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ferried from Uie oiFsliore islet. The IsliLud gives a slight pro- 
lectiou from the s^m^fj md behind it the native bouta are laundied and 
beached} tlin» e^iplabiing the location of the village on an other 
uniform coast \^Tien not in the akilfs are perched on animal 
tkulb to pie veil! burial hj drifting aund. On the beach a commodjoua 
aheJu^ shades the somnolent hshermen diu'ing the heat of the day^ 
while in the village above them tbe women are vigorously thresbitig 
and griuiimg millet and winnowing beans (pi, 1, upper right). This 
community has some poor millet fields beliind the dunea, but it must 
supplement its supply by exclmiiging some of fldi. 

A dilFeireiit type of village is Ouakjim, among baobabs near the 
Mamelies. Tiiei'e an expanse of low fixed dunes moistens the most 
exiensive arable laud west of Sangalkmij. Milleij squashes, beans^ 
and a litiie cotton surround the viUaga and yield an agricultural 
surplus IQ excbunge for 

TilE liABLV EUEUFIiAN OCCUPANtTE 
ixurra of seni^ajijua 

With the coming of Europeans, the Cape Veixle Peunisula ceased 
to be merely a sandy offshoot of Uie African continent and became 
also iJie westernmost extension of the coasting route between Europe 
and East and South Aaiti. For mariners it marked also the southern 
terminus of the waterier Subaru coast. The tii'st recorded voyage 
reported a stop for fresh water at the outlet of seepage from a long 
line of fixed dimes. This place die Portuguese luter christened Eio 
Fresco (liufii^ue) atid made it a regulur port of call* Food supplies 
viei^ scarce on the peninsula} and anchorageid were subject to storms. 
Hence fur OOO years this neighborhood failed to gain decisive hegemony 
over its rivals. 

Cape Verde stands midvray between the two obviouS} mture-mude 
avenues for penetrating the Sudan. To the south the Uambiu River 
opens a broad estuary easily entered tit all seasons by ships of moder¬ 
ate draft. Tills was early occupied by the Engbsh, and for political 
reftsous has renitimed little used as n. means of access to the hinterland. 
To the north a lagoon at the mouth of the Senegal River makes a 
safe harbor; but during the long dry season Ibe sbrunken stream can 
maintain barely enough water for small sailijig craft over the bar 
built across its mouth fay a south-setting current. In spite of this 
handicap^ the protected anchorage^ an easily defended town^te, and 
access to the interior by river boat at all seasoiLs mude Saint-L/mia, the 
river-mout}| port founded by the French, a rival of the Cape Verdo 
district until a generation ago. 

Between the Senega I River and Cape Verde the coast is useless 
for a European port, because of slmUawr sea, dunes, and heavy eurf. 
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Between Cape Verde and tiie Gambia RiTer {the so-called Petite 
Cote) six points have been used for EuroiJean stations at one time or 
another. Of tlie southern three, Kaolack, on a sluggish stream, one 
of several called locally '^the Southern Rivers ” has recently becoine 
a modest esporting point The northern three are on or close to the 
Cape Verde Peninsula and together constitute the Capo Verde Settle- 
ments, geographically an inseparable trio* 

Rufisque was the first site to attract attention, and ha career lias 
included brief periods of prosperity from tiie md-fifteenth century 
to the IflSO’s. Well supplied with fresh water, it lies ui the curve of 
the tombolo bar and thus is sheltered from the northerly winds tliat 
prevail during much of the year, though it is exposed to the stormier 
winds of the rainy season. The water is shallow, only 3 fathoms at 
700 meters from shore. All goods must be lightered and, even though 
long piers reach beyond the surf, cargoes are frequently damaged by 
salt water, BoUi the port and the town are now moribund. 

the ISLAKD OF 

Under the lee of the clifled hook of the peninsula a considerable 
body of water is free from the surf that beats incessantly on the rert 
of tlie coast. The high headlands enclose roads in which the water 
is generally quiet, and their steep slopes are associated with deep 
water fairly close inshore. These advantages disappear with the 
onset of the southeaster tornadoes and are diminished throughout the 
rainy season. Then the west side of the island of Gorfie offers the 
least unsafe anchorage. In ordinary times the tiny cove, which faces 
nortlieast, offers the same aheltoc as the adjacent peninsular shore and 
it is ea^ to suU out of when a tornado impends. 

Other advantages of the island are not obvious. It is only 850 
meters long and 300 meters wide in the widest part. A quarter of its 
Hi hectares is a bare, basalt mesa, 30 metera high. Ihe remamder 
is a platform a few meters above sea level, leading gently up from the 
cove to the base of the cliff (fig. 2). It has no source of water except 
rain, no wood for building or fuel, no sand for masonry, and no amble 
soil. 

The Portuguese, firstcomers, having a choice of ground, made the 
Cape Verde Islands their licadquarters in this region and paid little 
attention to the Petite Cote, The Dutch were the first to occupy 
Gor^, and half a century elapsed before they took Rufisque and its 
neighbors. Tiieir selection of a confined, waterless island for their 
principal settlement was sound, as is proved by the fact that under 
subsequent French (and occasionally British) occupation Gorfe re¬ 
mained dominant along the Petite Cote for four centuries and at times 
rivaled Saint-Louis as the leading European post between Gibraltar 
and a 
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This is explained by the tiutiire of the ciiief business of 

West Africa during most of this period. Got^^ was, nearly all tbo 
time, the most important point in Senegal for the Negro slave trade/ 
For this traffic the bland had notable advantages. Habitual forays 
en^iidercd unceasing warfare between the raiding coastal tribes and 
their victims of the interior, Tbe Fliiropean trading companies, in 
apite of superior weapons, had relatively slight ntilitaiy rtrength and 
therefore jirized an offstiore location. Gor^ harbor lies kilo- 
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meters off Dakar Point, close enough for canoes loaded with slaves to 
be brought out conveniently under sun'eillance by batteries flanking 
tbe cove, Tlie sliark-infested waters denied escape to imprisoued 
Negroes, Tlie fiat-topped cliff lent itself to fortification against trade 
rivals from Europe sailing under enemy flags. Transfer of slaves 
and the small volume of minor exports and imports between continent 
and island entailed only a somewhat longer lighterage tlian at any 
other ports of tiie Petite Cote. 

The relations of island to continent were but slightly affected by 
successive clianges in political affiliation, because Goree and tbe Petito 
Cole always n^nt logetber. That tlie Cape Verde area was an impor¬ 
tant element in the new world pattern being laid out as a result of 
tbe discoveries and tbe creation of colonial empires is indicated bv 
teperited change of hands. 

Mine imporlant for tlie fortunes of tlie island waii its rivalry for 
the seat of French colonial admirtUlratiou in Senegal. At times it 
was suprem^c. Generally it administered the Petite Cflte and tlie 
Soutlicm Rivers. Occasionally it was subject to Saint-Louis. 


T TitAitri G^Dot, G&ftJt, caul^lo dlkliat, VetU, 1631 
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'Fhe tovTn was built to ftccoimnodate trade And ndiiiinistratiou, 
imd its structures eipress their functions. All the buildings are con- 
stnictod of miisonryj and most of them are made of rough ston^ or 
rubble concealed by'sraooth stucco. All the larger ones have capacious 
cisterns in the biiscment, to catch and store tiie run-off from the t™1 
Ttio most conspicuous etructurea were designed for administratian. 

A fort looms on tlie mesa, and batteries fl ank the lower ground. Thors 

are also barracks, hospital, church, and buildings for local and colony 
Administration. The rest of the buildings with any pretension were 
planned to meet the peculiar needs of the slave trade, 'fhe groimd 
floor is divided into cells where tlie captives were locked awaiting 
deportation. On tlie floor above are the offices of the trading firm 
and living tjuarters for the jjersonnel. From a number of houses 
balconies overlook the street. Supplementary quarters for the house- 
iiold aie on the third story when there is one. All rooms are ranged 
about a patio, in which a tree or two may be growing. 

In the heyday of the place all available space was utilized. The 
solid bUteks of buildings interfered with the breezes that swept across 
the island from the surrounding sea. TItjb atiocts, narrow lanes though 
they arc, were reported as “furnaces between ten oVlock and five.”* 
During the last half century, as the population decreased, buildings 
were abandoned. Today at least half of the land fmmerly occupied 
by buildings and patios cither is open or stands AS unroofed yards 
surrounded by ruined walls. Tliis has opened the town to currents 
of air, which niitigute the heat. Ilie razing of dilapidated buildings 
has been enforced, especially after epidemics, because tile tight-packed 
town with its numerous cisterns has always been a potential center of 
infection. 

More than once the little white colony has moved temporarily 
to tlie peninsula when epidemics have broken out. The first siege of 
yellow fever occurred a^ut 1770. IL so denioralized tlie community 
tliat the forts were demolislied, the fitirvivore went to French Guiana, 
and the governor rojiioved to Saint-Louis* In addition to soldiers 
manning the fort, only 200 persons inhabit tlic island now, and a high 
percentage of them are aged. Thu estimate for peak popnlation is 
C,000, a figure for which no date is given but which presumably refers 
to the 1830’s. Throe-founha to four-fifths of them were captives. 

Today Gor6e is a sleepy, mined settleoicnt, 40 minutes from Dakar 
by the launch that makes three or four trips daily. The priiitery for 
the colonial government is housed in the building used in prosperous 
days by the govemorH, A normal school and a boys’ school attract 
daily a little spate of pupils from Dakar, The small church is too 
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Inrgie for the present cougregation, which is served by a curate fitJin 
Dakar on Sundays. The mosque is tumbledown. 

Housewives Iiave to patroittjee tlie Dakar market, because canoes 
no longer bring provisions to the island. Tlie three or four little 
general stores carry a feiv canned goods. A cistern boat supplies 
the public reservoir in the dock square. 

Even in prosperous days the island was dependent on the nearby 
Continent for vital services and supplies. The depetidenee was recog- 
niacd by the earliest French inhabitants. Two years after ousting 
the Dutch, tliey tit:atcd with chiefs of Dakar and other hamlets in the 
vicinity for the right to settle on the peninsula, but the treaty never 
became oijcrative. Kot until tlic interior of Senegal was conquered 
by Fi-eneh foix-es in 1857 and the slave trade thereby brought under 
control was it safe to settle on tlw peninsula. Iiistead, for nearly four 
centiuries, the atithorities at Gor^ repeatedly entne to ternvs with the 
idiiefs of tlie opposite slions for specific privileges dictated by the 
limitations of resources on the islaud. 

Chief of these was shortage of water. Even in days when little 
waler was used, the cisterns could not supply the town tliroughout the 
dry season, w'hlch might lost 9 uioniUs. A supplementary supply 
was biuuglit over by boat from the springs at Hann, on payment 
to the local tribe. In 1^1 a vegetable garden and oi-clmid was 
planted by men from Gor^ on land watei-ed by these springs. Even 
earlier three or four houses had been built by Gm^eans at Dakar, 
to serve while their owners cultivated and harvested bits of ground! 
The indigenes generally refused to part wUh arable land, already 
insufficient for their own food supply. 

'n'oed for cooking was likewise scarce. By the lS20's W'ood 
gatherers had to go inland 12 or 15 leagues."* Sand and stone for 
building were more easily accessible but, like the water and the wood, 
could be had only on payment pursuant to treaty. 

IjOcal fish, and millet and a little meat from the remoter mainland, 
were brought to the island by natives fiom peninsular villages. They 
were diargud an excise for doing business in the port but evaded it 
wlien they could. Merchant ships from overseas tvere supposed to 
pay for the right to oncUor between Gorfe and Cape Manuel, but their 
masters tried to slip out of their obligation. 

There was no cemetery on crowded Goree. Captives who died 
were tlinist into the sea to the sharks. Tliis practice was distasteful 
when applied to residents. Freemen generally buried their dead where 
tlicy could on the pcainscila; but the shallow, sandy graves, unpro¬ 
tected by any sort of barrier, were frequentlj’ opened by beast, or 
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man, or the wind. This led to mmj illleit interments in Gor4e 
cellars, !v subterfuge objectionable on sanitary grounds. To solve 
the problem, the authorities bought and endoaed a plot of land on the 
dope above tKe sea nt Bel Air Point, 

OCCUPATION OF THE ilEADLANliS 

T\Tiile the islatidera were gradually defining their relations with 
the peninsula, attempts were being made to occupy or control the 
Cape, independent of the interests of Gor6e. 

A serious hastanl to trade on the West African coast was the danger 
of shipwreck, as a result of heavy surf, low off^ore islands, and 
submerged reefs. The African fishermen avidly picked up whatever 
fiotsam came their way and made a practice of holding survivors for 
ransom. Tho bays on the north side of the head wera particularly 
dangerous for shipping, and the villagers there were too far away 
across marshes and sandy plain to be intunidated by tlie small garri' 
son at Gor^e, From the reestablishment of French suzerainty after 
Napoleon’s downfall until the indigenes were brought under control 
by effective occupation of the peninsula, tho issue was never at rest, 
treaties notwithstanding. 

llie Napoleonic TVars had taught the French military and naval 
establishment that GoriSo was no longer safe from attack by rival 
European powers. From iSlfi on they urged fortification of the two 
Mamellea and Dakar PoinL Tliey asserted that an enemy on the 
peninsula headlands could deprive Gor^e of fuel, food, and water. 

All friction incidental to cjctraneous mattera was made A pretext 
for urging a garrison. Thus, when trouble arose between natives and 
men getting water at Hann and searching for wood on the roninland, 
the commandant at Gorie hoped it would give occasion to seize tlie 
henfUands, which ‘‘protect the island and vice versa." “ So also when 
members of a Catliolic mission on the mainland were captured. 

The abolition of slavery in French possessions (184S) complicatcfl 
tJie relations of France and Senegal. The law was enforced on Gor6o, 
but the indigenes of tho peninsula paid no attention to iu This was 
also cited as a reason for the establishment of a garrison. 

Civilian attempts at settlement on the peninsula had proved 
unsuccessful. The most noted essay was an agricultiiml colony sent 
out to Dakar Point by a French society in 1817, Tlie camp was still 
incomplete when rainy-aeaaon storms destroyed it. Many were seized 
with dysentery. Ten men were accepted for the gan-ison at Goree; 
others went to Saint-Louis or the Southern Rivers; several returned 
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to Fmncc* Six tried ugaiiij on whjit they hoped was more f&Tomble 
terrain nt Bel Air, but they died of fevor."^ 

aiOBB^N EOROPflAN OCCUPANCE 


THE ESTAni4SlIareNT OF DAK^^lt 


At Ehe beginning of 185T a letter fiBm the colonial minister author¬ 
ized the Chief of the Kaval Blvisiou at Gorfe to set up a military 
po6t at Dakar nnd to build a commercial city there." The French 
authorities landed a force of marines and took formal possesaiou on 
the fea£t of Hama dan. Each local headman was given a French flag 
to fly over his hut, thus to identify the occupation with the current 
atmosphere of rejoicing. Alt payments for water, wotjd, and building 
matermis were thenceforth abrogated, 

A fort was built on Dakar Point, Several inhabitants of Goree 
moved there to build houses under its protection and to cultivate 
small gardens. Tiie Messageries Mari times (then Mcs.sBgeries Im- 
pt-riales) agived with the French Govcmmeiit to iiave its ships stop o^n 
a monthly service betw'cen Bordeaux and Eio de Janeiro, the Cape 
being about halfway, Tlie neat year the company bought land under 
the point for a coat park and demanded that U»e government construct 
a brenlrwater, necessary during the rainy season to complete the pro¬ 
tection afforded by the cove, A curate took up residence. The barracks 
were manned by a detachment of troops under sentence for infractions 
of ^scipline. Besides overawing the indigenes, t hese soldier-prisoners 
maintained a garden and orchard at Haiui. A street plan for the 
prospective city was adopted. 

For a quarter of a century after these bepnnings Dakar made little 
prog^ss. In the ISTO’s Gorfe felt a new wave of prosperity, after a 
decline that had resulted from the abolition of its slave trade. Its 
population numbered more than 3,000, Tlie headquarters of the com¬ 
mercial hoiLses remained there, and the island continued to administer 
the Petite Cote. Dakar, in contrast, had only a dozen or fifteen small 
merchants, whose principal business was that of dramshops. Tlie few 
Lurojwans and a ^mewhat larger number of Europeanized Africans 
lived in nondescript dwellings, generally of wood, scattered amon^^ 
(he huts and compounds of the aboriginal villagers. 

wiintever commercial Imsiness migrated to the peninsula settled 
at Riifisque, A decade before the founding of Dakar the first tjcanute 
had been raised belund Rufisque in calcareous sand moistened from a 
line of dunes. Tlie crop proved admirably suited to the soil and 
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climate. Beginiung wit)i 70 tons CTpoiicd to France in 18497 Rufisqiic 
sent SjOOO in 1853. For seven decades the tiwnfl of the port remained 
sjnonjmous with Senega] peanuts* trade in wjiich replaced traffic 
in Negroes as tho leading eiport of the colony. To handle tlie busi- 
ness, large warlieouscs were built, and in time five piers extended 
through the surf. A gridiron pattern of sand 'drifted streets, laid out 
earlier, vstus extended and in considerable part built up. Counting- 
houses of cut stone and residences of masonry with balconies occupy the 
center. Beyond are cabins of Africans, largely built of wood* 

As the t>eanut-growing area pushed inland^ Rufisque had to share 
ifs exporting business with tovms on the Southern Rivers. Dakar, 
2n kilometers farther from the fields along a track heavy with ^^iid, 
got none of it. The locational advantage of fiufisque seemed to be 
so unassailable by economic w'capons that the founder of Dakar pro¬ 
posed to suppress its trade by governmental purchase of tlie ware¬ 
houses and rernoval to the new town* When, years latetj Dakar 
began to export peanuts and^ after anotlicr interval, outstripped its 
rival, the change resulted from improvements in transpoxi:otion. To¬ 
day most of the Rufisque warchom^ stand empty , its piers are breaking 
up, and the trading firms have voluntarily abandoned their ofRcea 
for new ones in Dakar. 

During its first stage of occupance iis a European station, Dakar 
had little to do with its remote and inaccessible hinterland. Rather, 
its life lunged on die location of the peninsula and the character of 
the anchorage with reference to vessels passing along the West African 
coastw 

Any of the cove.s in the lee of tlie peninsula required a hrenkwater 
to bo a safe anchorage during the rainy season. Gor^e harbor was 
strongly supported by vested interests in die tasvti* but small size 
and the Urn i tat Lons of the bland were no longer offset by personal 
security, when once the whole of Senegal had been made safe by 
French arins.^* Bernard Cove had 3 fathoms of water only 200 meters 
fillshore, but the breakwater would have to Iw built into water C 
fathoms deep. The high land gave complete shelter against west 
and north winds, but the steep sliore left no low ground for a townsite 
(pk 3, upper left)* Dakar Cove had ineffective protection from the 
northciist, but n breakwater in shallow water would deflect waves 
kicked up by east and south winds. Tlie relatively low shore was 
suitable for a port* Tlie tide range in the entire Right of Goroe is less 
than 1 meter and therefore presented no problem. 

Dakar was selecteilj and the government undertook to run a break¬ 
water from the coal park of the Metisageries Mari times, using the 
soldicr-prisoners and unskilled enlisted Africans. More than 200 
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white men were enrolled, but illnesis reducetl die average number at 
work to about a hundred. Wlien aOO meters long, the pier reached 
water only 5-6 meters deep. Coaling still bad to be done by lighter, 
and the MessagerJeff Maritimes continued to use St. Vincent, Cape 
Vertlo Islands, as Its port of call. A second jetty, running north- 
northeast from the extremity of Dakar Point, reached a depth of 10 
meters at 330 meters tind 'withstood the storms of the rainy season of 
1866. The port of call -was then transferred to Dakar, and the shipping 
company built a house near its quay for its representative, who was 
expected to put up olScIa] and other distinguished travelers (luring 
the 24 hours their l^at remained in port for coaling. Although shelter 
from the northeast was still inadequate, the Harbor received little 
further alteration for another generation. 

By the time the jetty was finished, the Capa had been supplied with 
suitable lights, and shipwrecks decreaskL A lighthouse to niark the 
Cape was built on the western, higher Jlamelle, supplemented by a 
beacon on die outermost of the reef like islands off Almadies Point. 

The official town plan was dictated by considerations of health and 
commerce.»» The site was studded with low dunes, from which a small 
amount of potable water could bo obtained,* cisterns were also used. 
A cemetety (much in demand on this unhealtbful coast) was begun 
well away from the habitations. The gridiron pattern usual in 
French colonial foundations was adopted, with orientation to compass 
directions, to take advantage of the alternately north and south preva¬ 
lent breezes. Its south edge was a street made broad for sanitary 
rea^ns, punctuated midway by a ploaa intended for the church. Land 
facing the plaza was reserved for administration buddings. Be¬ 
yond the wide street iitood tlie military quarters, an extension of tiiC 
battery on Dakar Point. (Fig. 3.) 

The water front mndo a shallow S. Behind it the ground rose 
itregulnrly* to a plain. A belt 81 meters wide along the shore, on 
which no new construction was permitted, was reserved for public 
use. Conveniently central to the civil and military establishments 
and to the port was the market place. 

With the change of a few street names, this layout has become the 
Cora of the later cify. At first population grew slo’wly. Superiority 
of tiie port to that of bar-choked Saint-Louis led a private company 
to build a railroad connecting the two, opened in 18S5. Its terminus 
was on the harbor side, at the north base of the high ground where the 
early town stood. It stirred the stagnant town to its first real aniina- 
tion. Gum urabic and other light produce of the Senegal River area 
come in to take advantage of the regular sailings, A few peanuts 
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came in past RuJisque, but higb freight rates and paucity of wharfage 
left the older port well in the lead, 

atJDlMEHTAOT CAPITAL AA'U POET 

The aecond stage of European occupanoe was initiated by stirring 
events at about tlie turn of the century, Senegal then became the 
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base for active eipaasion of the French empire in West Africa. The 
several coustal colonies wero oementet! along their inland borders by 
newly conquered territory. Flans were mode to amalgninate old 
holdings and new as I'Afrique Occidentale Fran^uise (AOF). Bene- 
gnl was the easiest nestis between die outside w'orld and much of tlie 
territory acquired at that time. Saint-Louis, traditional capital of 
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Senecal, was designated as the seat of the new supergovemment, in 
Tddifori to adminttei-ing both Senegal and Mauritania 

Dakar continued to make inroads on the bu^ess of ^ 

and after a few yeaiB the govenuueut of the AOF was tra^fer^ _ 

the rising town. Pending the construction of n^^ry build ^ 

administration was housed at Gor&j and gave the island a brief after¬ 
glow of authority. . i n hL-... »T-nc 

As at its inception 40 years earlier, the cspansioii of Unli'ir 

idaimed with healtii and commerce as ruling considerations, (t 4. J 

The capacity of the harbor was greatly enlarged between l6l)b an 
1912. The jetty was prolonged to a totai length ® ® ^ 

Thenceforth it was called the South Jetty, to distinguish it from tlie 
new North Jetty, a breakwater projected at right ang es to the coiist 
near the base of Bel Air Point, though not unUl years later connected 
witli the land. It readied a point 2,080 meters from shore. Betw^n 
the two jetties an easily navigated opening w'as left, 250 meters wi e. 

The water thus enclosed covers 225 hectares. 

The sinuous water front was straightened with dredgings from tLe 
harbor, making a broad, level space for railroad tracks iind roads to 
serve the port and for warehouses and other port buildings. The north 
half of the new frontage was reserved for a naval arsenal, with a dry 
dock to handle ships of 10,000 tons and a base for subniarmes and 
destroyers. The south half was impioved to accommodate the grow¬ 
ing trade by two moles 300 meters long and a third as broad, oriented 
in the direction of tlie prevalent winds and equipped with warehouses. 
These, with the intervening quays alongshore, total 2,200 meters of 
wharf side (pi. 2, lower left). Running water was made avLiiluble for 
ships, but coaling continued to be done by long lines of male and 
female porters, because of the cheapness of their labor. 

The need for providing water for shiiis was only part of a more 
insistent demand for sanitution of the whole city. In favoided places 
north of the town, dunes were systematically honeycombed with 
channels, through which water collect^ in sumps. Thence it was 
pumped to a reservoir in town and distributed at hydranta in the 


Other sanitary measures begun at this time nere calculated to re¬ 
duce the menace of mosquitoes. Ravines in the town were fillwl. 
Marsksand backwaters for 20 kilometers out were draineil by cutting 
channels through the sand bars that separated th™ from Uie sea. 
Brusli was cut to el'miinate breeding places, and plantings of eucalyptus 
and ftluos on low places were made over tlie whole headland, to lower 
the water tabic. Harbor improvements and the installation of the 
ffovernment of the AOF were sure to bring increased population. In 
anticipation, the original plat of the city was quintupled by new 



398 ASmUAl* REPORT a^UTHSO^^A^^ UfSnTUTIOXj 104 2 

JnyoQta to the south and west. In these sections the gridiron wus 
alxindoited for a freer pattern, shot throiigli with diagonal avenues, 
making “stars" and “round points” in the manner of I’acia. Some 
of the new main streets had been country roads. Others included s 
broad uvenuo leading from the original plaza to and beyond the 
governor’s mansion, an imposing edifice of this period standing in u 
park on tlie breezy bluff above Bernard Gove (pi. 3, upper left). 

Tlie extended city incorporated two or three African villages j and 
for some years the thatched huts of the indigenes, close'clustered in 
asJ^nmetricai African fashion, continued to mingle conspicuously with 
the regular blocks of masonry houses put up by the government for 
its officials or by the trading and shipping companies for their ad- 
ministnitots and with the less pretentious frame habitations of 
humbler white people. In places the cximmingling still exists. 

During this tune most of the remaining Gor^e merchants moved 
to Dakar. In the first decade of the new century port business 
increi^d threefold. External connections improved. Additional 
shipping companies made tlie place a port of call A cable to France 
was laid. A direct railroad line to connect with the upper Niger 
River was begum 

DAKAR COME OF AOE 

Tlic first World War put a stop to government ex^ieditures on 
Dakar and checked nearly all development. Afterwards a new stago 
of occupujice was inaugurated by a long series of public wotks ac- 
comjiariled by extensive private undeTtakiugs, 

WATEE SrCTFPLT AXD Ol'HEJr SANTTATlOK 

In ^ tropical African stations the safeguarding of health is the 
most important and difficult obligation of the European government. 
In semiarid and ever-growing Dakar shortage of water has coudnu- 
oirsly complicated the problems of sanitation and health. In the 
hope of finding an assured supply a tliorough hydrogtiiphic survey 
of the peninsula was made. No deep-seated sources were discovered- 
Instead, the dune-tapping system wag extended. At Harm, on which 
Gorce had alwaj's depended for its supplementary supply, more 
water w'^as found at a depth of 30 meters. An even more copious 
Jore was disclosed behind the village, along a line of rather high 
fixed dunes, on one of which stands Fort B. 'Xiiese dune sponges are 
about 6 kilonictere from Dakar. Twenty kilometers out, at M’Bao, 
a Similar site has been developed and tied into the system. Additional 
^ppliM exist in tire dunes that run from Rufisquo northeast to 
&nplki^ These are used only to serve Rufisque. Neolithic man, 
African mdigenes, passing European ships, and the European settle- 
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raents of the districl^ll have been dependent on the danw for 

iheir water. . . w 

Water from the city supply is available for irrigating market 

gardens nt M’Bao, Otiakani^ and the outskirts of Dakar, Tliese 
eettlements and Tiaroye are served by hydrants in the streets. In 
Dakar itself water may also be laid on in buildings. The port is 
supplied through a separate pressure lino, with a reservoir holding 
3,600 cubic meters, a S-day supply. In the high part of tlie city 
are six reservoirs for city and suburbs, with a capacity of T,400 cubic 

meters, a 9-day supply.** „ . , ^ * a i - 

Potable water is too precious to use for fire hydrants or for Buslung 
streets and sewers. These services are provided by water pumped 
from Bernard Cove into a reservoir bolding 3,000 cubic meters (fig, 
3). Regular flush! ng of the streets sweeps out the la rvae of mosquitoes 
along witli dirt and so renders a twofold health service. 

Tlic sewer eystein is integral with the water system. It includes 
special collectors for storm waters. Public latrines ^are distributed 
throughout the municipality, and at least four public shower baths 
are available, The African population take full advantage (if oppor¬ 
tunities to bathe and to wash their garments, whether in buildings 
provided for the purpose or at street hydrants or in the harbor or 
other calm waters. As elsewhere in tropical Africa, the indigenes 
nerd no coercion to bathe. Garbage and other waste is collected twice 
a day and hiinied in a city Incinerator, 

.\s in every other tropical African center, there are separate hos¬ 
pitals for Europeans and Africans. Specialization haa extended to 
include hospitals for the military and civilians, a maternity hospital 
for Africans, and, far out on Cape Manuel, a leprosary. Numerous 
clinics arc distributed over tlie city and suburbs. The medical service 
is cappied by a school of medicine, 

SECmOGatTON AND FOrOnATIOS 

All these sanitary measures would hai'e been leas effective if steps hud 
not already been taken to segregate the European inhabitants from the 
African. Mnch of the increase in population has been freshly re¬ 
cruited from the bush. Those indigenee, and even a good many who 
have been long exi>osed to European sanitary practices, live without 
regard for standards necessary in urban agglomerations. Tlicreby 
they menace the health of their neighbors, particularly Europeans, who 
are less immune to tropical diseases than Africans. In the commingled 
community of Dakar occasional epidemics of yellow fever have taken 
hea vy toU of both races. Less spectacular but more serious have been 


’< Onjrgea Pfler, L'fffort fninata ttt Pr *21-533, r»rt«, iSSa, 
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the flTer-presenf sconi’gts of malnria and dysenteiy, which strike oul- 
landers down^ often with fatal results, while touching indigenes ns 
liardlj more tlinn uncomfortable ailments. In 1914 bubonic plague 
was added to the considerable list of infectious diseases of local origin. 
ATtboiigh it attaicked Africans almo,^ esclnsiTelj, tlicir careless atti¬ 
tude toward sanitation made eradication diflicult. 

To eliminiitc African comiiounds within the European city, an Afri¬ 
can subiirbj Medina, was laid out in rigid gridiron patternj with blocks 
smaller and streets wider than those of the early pkt of Dakar, It is 
iicparated from the older town by an unbuilt reserved clear belt 9^K) 
meters wide, as well as by a racecourse and a stadium. Africans re^i- 
dent in Dakar have been encouraged to move to Medina by gift of land 
and aid in financing housebuilding. Tlie place has grown fast To¬ 
day it contains more than half the total population of Bikan Most 
of the bubitatbns are thatched buts^ a good many are wooden cabins 
with tile roofs, and a few are of masonry. 

Some 20j00() Africans still live In Dakar proper. In the northwest 
rjnadrnnt Africans occupy nearly all the land, and man}’' are inter¬ 
spersed funong Eumiieans in tlie older ^tions (Gg. 4). Their heu^ 
lurn" be mn.de of wattle, boards, mats, flattened gasoline tins^ adobe, 
frame, ifsnd even jnaH>nrj\ Many are tile-i^oofed. In sis^e they range 
from huts £o commodious bouses (pi. 2, upj^er right). 

The strictly European residential quarters on the high ground are 
sjiacious and airy. There the higher bureaucracy^ some of the foreign 
cousuIr, and many leading executives of businek Arms live in villas 
hung with bougainvillaea and set in tree-shaded grounds. The houses 
are agreeably adapted to the climate, being shallow, with wi^lo win¬ 
dows opening on verandas or terraces shaded hy overlurnging roofs. 

ost 0 t lem have been built by the government or company whose 
representalives occupy them. This has been necessary to house a com- 
murulv who may mnke Dakar their j-esidence for few or many years 
but VFho in^^riably spend long leaves in France at frequent intervals. 

Dakar, with its OTburb®, forms a unit of ISS square kilometers, in 
nhicb the population density is some SSO to a square kilometer. It 
IS the largest native city in the area, thanks to opportunities for work 

khVi ilj Europeans to Africans 

high, 15 to 100, ns compar^ witb a tenth as many In SainH^uis, a 

tbe Europeans in the AOF— 
^far^htSr*^^ ^ \ «n«3 children 

r»pulaf ,on IS likewise except lonal in being made «p of people from all 
mer Senegal, and indeed the entire AOF. Contiasting physical 

fui'SranHn'l!"^ 

p geant in the animated hours of early morning and late afternoon. 
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l''iffi3rcB for Ctfli+e JBcludc^- 

* Dakar And dc^peDdcDcIca^ iadudLng neAThf TUlage?. 

Tho outer garment of the tiien is ^ voluminous robo with low neck 
and short sleeves, in white, blue, or yellow, or, octrasioiiuUy, brown, 
black, or mbed colors^ For manual lubor this is doffed, exposing a 
knee-length, sleeA’eless union suit. Tiie headdress may be a ted or 
black fez, a knit toque, a cone of straw, or a tropical helmet in imi- 
tfltion of the Europeans^ An amulet is always huug around llie 
neck, and armlets are common ornaments* ^Ihe women wear a long, 
fulhfikirted dress* All who can afford it have gold earrings, and 
many braid gold coins into their tiny pigtails^ The whole elaborate 
coiffui'e is capped with a bright turbaUi 

AOEAL DrFFERENTlATlON OF FTuXCTlOS'S 

Areal wgregation of racers h common in West Africa. Separa¬ 
tion of functions is rare and nowhere, except in Dakar, more than 
incipient. 

Because the city came into existence to serve French colonial 
interests, much land was taken at the outset for administration, 
defense, and other public services* For these services are reserved 
nearly the whole harbor front, the remainder of the coast line with 
two exceptions, the surroundings of the pla^a, a central area in 
MMina, and more than a dozen scattered sites. Defense occupies 
Pointfi Dakar and Bel Air, most of Cape Manuel, an area of high 
ground overlooking the open ocean, and range for target practice 
along the shore northwest of Medina. Hospitals overlook much 
of Bernard Cove* The government of the AOF clusters principally 
about the govemor^s mansion. Local goveimment buildings arc 
at tbe pla^a (pt, 3, lower) or on the original water-front terrace 
(pi. 3, upper right), except the residency in the center of l^f^map 

Public serviced loss ofiicial than defense and administration are 
more jittered. Lower schools are dotted about; the high school 
(hjeee) is on the west side of town. Where the new residential 
quarter for Europeans is pushing into the nondescript African 
purlieus, a huge cathedral has been completed recently in n stylo 
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rcmmisceot of both Byzuntine and Moorish architectaifa (pi. 2, loirer 
right). Tlie mosques are small and are placed anostentatiou^y in 
back streets (most of the small spots symbolized as “services”). 
Theio are perhaps 10 to 12 thousand Catholics, including a thonsand 

public markets handle all the perishable foodstuffs. For 
Europeans a market house has been erected on the site of the original 
market place in the old town (pi, 4, upper left). All but one or 
two of the vendors ace Africans. M^iij shoppers are African 
servants, who mingle with European women making their own 
selection in thrifty French tradition. The other covered market, 
a hu«»e, two-lcvel building at the neius of Syrian and^ African 
business districts, la entirely African. The lower^ floor is unfur' 
nished, and the market women heap their wares in little pilea w the 
floor or in calabashes, or oTcrflow into surrounding streets. There 
arts olso tw'o large, open-air markets in Medina. Scattered 
or ownings shade the vendors, at least during the moister half 
of the year (pi. 4, lower left). 

All the markets carry the same range of goods. Vegetables come 
from the gardens and nearby villnge patches. They are abundant 
and varied during and after the rainy sea.son but dwindle as the 
sandy plains become desiccated. Fruits are less common. To local 
mangoes and papayas are added imports—bananas from French 
colonies farther south, oranges from Brazil, appl^ from Ar^m 
tina. Local fish appear, lightly smoked or sun-dried, and jnchide 
herring, sardines, and achoviea, and also several tropical species. 
Meat comes down from the interior and is killed in the local abat¬ 
toir for immediate sale, refrigeration being uncommon. The 
covered markets close about noon, but the others do business all day. 

Where private holding makes the use of land competitive, differen¬ 
tiation of functions has largely supplanted the original conglom¬ 
eration. Vestiges of the older order, particularly on back streets, 
emphasize the change toward the pattern of Occidental, middle- 
latitude cities and away from the traditional town of the low-latitude 

African coast.*' .... 

The commercial core is an areal unit but ia sharply ^vided into 
European, Syrian, and African sections. The earliest burine^ streets 
led up from the passenger wharf to the 15-mcter level on which the 
town starte<l. These are now devoted to shipping oflices, banks, and 
curio shops. They tie into the wide avenue that marks the south 
edge of the original planned town and leads to the central plaza. 
This avenue and the later and still broader one that leads from the 

ftf itw fl*rllcr Kftft of no dJ Pferentmtr^ iKCU|H.pc« iH J. Efluch, Sur 
Icfl efrtw do da U Oalp^e 3 Vom^t do PotIj, 11*25- 
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plaza up to the governor’s roansioa have become the principal shopping 
ttioronglifai'es. Betiveeii the ohl town nnd the pluze are bookstoi'eSi 
a music store, a pastry shop, a grocery, end several biirburs, but 
large wine stores dominate* lietwecii the pluza and the plateau 
are slioiis for women’s weiir, slices, novelties, stationery, and refrig- 
emtors, besides pharniadea, photograph ic studi^ and a cinema. 
Besides these, large stores carry varied merchandise. In kind, their 
in veil tor V is much like that of traditional African comptois's^^ but in 
character they are European department stores, with show windows, 
wcll-delinod sections for different articles, and emphasis on qiiulity 
an<] fashion, Slany shops are branches of French firms. Others are 
of local origin—'iinotliec evidence of commercial progress!veness. 

These streets catering to the carriage trade are somewhat som¬ 
nolent, particularly during the suuuy hours from 10 until 4, though 
tlie shops close for only a 0- or 3-hour eiesta. In sharp contrast is the 
extension, of the older main street beyond the plaza, where it changes 
both its name and its character. The little, open-front shops of this 
section are owned and operated mainly by Syrians and fSorth Africans. 
They cater totlie indigenes, who enliven the street with their billowing 
costumes and inoessiint movement and chatter. “Cloths” and other 
“Manchester goods” sold in every TrVest African town constitute the 
bulk of the stock; and nearly every place of business carries a little 
of everything, including staple groceries and dried codfish. Some 
differentiation appears in tlie separate wineshops (successors to the 
drmnshops of old Dakar) and in stress here and there on French 
uoveltica. The shopkeepers live on the premises, a custom formerly 
universal in Dakar but becoming uncommon among European mer¬ 
chants. Half a dozen blot:ks along this street is the corner of the 
original town plat, now tho prlnci]3iil traffic focus of the city and site 
of die principal market house. Beyond, shops run by Africans extend 
through an African quarter toward Medina. Most of these are dry- 
goods stores, wliere men busily sew tlie dreawis worn by both sexes. 

Market gardens are cultivated on reclaimed coastal marshes or on 
sand dimeg where the soil is moist, and some are irriguted. Tlicy are 
worked by men clad in breechclouts. Most of the fresh proiJiice finds 
its way to European dining rooms. The Africans are consuming luore 
and more imported food, cldefly rice from the ndddle Niger Basin and 
Indochina and dried fish taken by Bretons on the Icelandic or Grand 
Banks. 

In contrast with merchandiBiiig, there is scurcely any miinufaclur- 
ing in the European sense, Tlie waterworks, the electric plant, a 
brewery for beer imd soft drinks, two refrigerating phmts, ond a 
laundry moke up the list. All stand near lire north end of the harbor, 
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adjacent to the coal park^ on leTcl land bclween railroad and water 
front. Small stone qaorries and a brickkiln provide building material 
ns needed. 

Most of the manufacturing is handicraft. Dressmaking with the 
aid of American sewing machines occupies hundreds of men (no 
women). Carpenters make fumjturo for local use out of the handsome 
African cabinet woods. Marabouts contrive amulets, A few jewelers 
still fashion \htf filagree ornameuts prized bv the women. Cfunpeti- 
tion by machine-made goods from Europe has all but driven out the 
weaving,dyeing, basketmaking, tarniing, and steelwork that, flourished 
before the first TiVorld War, utilizing native materials to satisfy native 
needs. Some 8,000 men gain a livelihood from manufacturing and 
handicrafts. 

Kace segregation and the clustering of huaincss have set up m diurnal 
rhytlim of movement, on foot and in a fleet of nondescript motor 
vehicles that ply as busses. Market folk bring in their produce before 
dawn. In the cool of the early morning a tide of workmen and 
domestics (all male) from African suburbs and villages farther afield 
flows into tlie port, the factory district, the artisans’ street, and the 
European homes. Clerks in the olHcos scatter tlirough the commercial 
and official sections. All except the domestics return home about 
6 p, m. Oiled macadam roads connecting all the villnges, and the 
28 kilometers of principal streets, facilitate this movement, Rond 
building has been costly, because of shifting siinj and the lack of 
laterite, handy road metal in many parte of tropical Africa, 

Tim poirr 

Aronl dilTerentiation in the port is even more marked than in the 
city, Eicept^for its political function, Daloir is the creature of its 
The chief commercial business combines imjKirtirtg and export¬ 
ing willi^servicing ships that call; the marine arsenul, covering 16 
hectares, is the largest factory in town. Both these functions greatly 
expanded between the two World Wars, 

Direct meter-gauge rail connection 1,391 kilometers into the interior 
was made in 1923, Since this date Dakar has handled nearly all tiie 
varied imports of Senegal and the French Sitdim. Eipo'rts have 
increased, but less signally. Aside from peanuts, 78 to SO percent 
of Ihe ooiumerce of Senegal and the French Sudan passes through 
Dakar. 

The dominant export crop of the luntcHond is peanut.*i, groivn in 
the short rainy seoscin and marketed from Noremher until June. Dur- 
ing the early moutlis of each dry season, great heaps of bags and hills 
of unbagged, unveiled nuts accumulate at the peanut ports (nl, 4, 
ower right), taxing their resources. Tlie lesser crops come in at the 
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same time. Poiis 60 to 120 kilometers upstream at navigation head 
on the Southern Bivcrs are close to the fields; but ships cimnot take on 
full loads because of shallow bats across the river mouths- Tliey must 
therefore call also at the peninsula to complete lading from stores 
sent down by rail. At Rulisque lighterage subjects the crop to dam¬ 
age. Kitolack, the only accessible river port on a milroad (a brunch 
of the state-owned line), has the advantage of Dakar in mileage and, 
formerly, also in rates. Since purchase by the state of the Dakar- 
Salnt-Louis line in 1932, the rates are proportionate to the mileage, and 
Dakar has increased its shipments^ Nevertheless, Kaolnck continues 
to lead in exports of peanuts^ shipping nearly half the crop of tho 
western AOF, 

Recently the North Jetty has been tied to the base of Point Bel Air, 
and dredgings have added a triangle of 15 hectares with COO meters of 
harbor front. This land, christened ‘‘Peaniitriain.^isservcdbyrails- 
Sliips can bo loaded alongside, ns well aa in mid-harbor. I’canuts are 
loaded by band, because the bulk of the crop arrives In bags- These 
facilities have freed the older i>Drt for general business. A half mole 
has been afliied to the South Jetty, increasing wharfage in that section. 

Tlic first business of the port is fueling ships in transit. This is now 
handled alongside and by lighters just inside the North Jetty. Coal 
is brought by ships from Europe coming for peanuts, and the coaling 
mole and basin, equipped with cranes and j,)ontoon derricks, are ne.xt 
to tljo area wliero peanuts are loaded. Diesel and oil-burning ships 
ha VO caused coal impiirts to fall off and ijctroleuin to rise more than 
correspondingly. 'Dio end of the jetty is piped for pcti^deum, which 
is also available by lighter. During tlie rainy season, business with the 
hinterland ebbs—exports practically cease. At this season the backlog 
of shipping in transit keejis the port going. To increase the business, 
I lie liarbor has been continuously dredged deeper since 1U21. The 
fiielutg area is now fathoms deep; alongside some mules are 5 
fathoms of water, at others 4^^, 

Recent port statistics for Dakar are not available. About 19;J3 or 
1034 more than a million tons of merclmudise (exclusive of bunkerage 
fuel) W’ns carried on 2,230 ships. Passengers nuinliered 15,000 en¬ 
tering and leaving. Tlie chief commodities imported were petroleum 
and coal, 612,000 tons and 213,000 tons resiiecLively (including bunk¬ 
erage) ; in foncUtuffs, rice led with 10,000 tons, followed by wheat, 
sugar, ami wines. Of csi>orts, peanuts were far in tlie lead with 
310,050 metric tons, followed by gum arabic (4,000 tons) and sisal. 

THE ‘‘aFBIOAS OLuaALTAB'* 

The improvements have increased the value of the port as a naval 
base, paiiiciilarly for submBrines, In 1938 work was set afoot to make 
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a station of the first So Tigorously was it prosecQte<l that it was 

Hearing completion when the w ar broke out. The submoriiiB base has 
been improved. A floating dock supplements the fixed dry dock. 
Storage for petroleum has been enbrgjed by building ooin?caled tanks.’* 
Still more ambitious has been the construction of an outer roads by 
building a new jetty, 2 /jOO mctei-s long, southeastward from Dakar 
Point. It extends into 8 fiiChomB of water and provides anchorage 
calm enough for large sliips, paiticulavly war vessels. Craft of 35.000 
tons cun ride there out of reach of tornadoes, though not well pro¬ 
tected from the choppy waves of the dry season. Since the outbreak 
of hostilities the entrance to the anchorage and harbor has been closed 
W'ilh a boom. Fifteen kilometers of metcr-gaugo mils and six kilo¬ 
meters of roads scire the port. 

Assodntod w ith naval expansion has been reinforcement of the land 
foriificalions on Gor#e, Point Bel Air, and Cape Manuel. Warehouses 
on the Peanut Plain and a Beaplnne port in Harm Cove under Bel Air 
Point can be used for warplanes, supidetnenting tJie naval and land 
defense. The place is now a stronghold 5 it has been called ‘^the 
African Gibraltar,” 


A WOKLD FOCUS 


Dakar owes its cosiuopolitan character to its function as n contact 
point. Location makes it a convenient port of call for all ships plying 
between the Jforlh and the South Atlantic, except those in the Ameri¬ 
can coasting traffic. Besides French lines in the South American and 
West African ti-ade, one connecting France and Morocco lias extended 
its sailings from Casablanca to Dakar, twice as far from the home 
port, (Marseilles and Bordeaux are tlie French tormbu,)’' All ships 
plying regularly past the Cape call, and many tramps find it a good 
place to drop coal or pick up peanuts. 

Location at one end of the waist of the Atlantic has led to the 
creation of a powerful naval ba.'ic. For the same reason Dakar is 
the point of departure for the oldest transatlantic air line. A weekly 
postal plane links Paris and Rio do Janeiro, each of which ia about 
48 hours from Dakar. Two fields are ui^ed: for seaplanes crossing 
the ocean, st llaim Cove with facilities on Point Bel Air; for land 
planes in the European traffic, on level land near Ouiikam. Dakar 
is likewise the terminus o£ an air route tliat traverses the length of 
the Sudan. 

Incidental to its world-wide sea and air routes, the place has been 
linked by cable to Brazil, to the Guinea coast of Africa, and to Brest, 


“ Heiuian HStfcfl, D»lt«T, Om Son [rum dier tHttiKtrflucIteq StetluDj; PTfibltrcIctm tin 
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FraiKM* A radio station at lh& edge of iK^lina is the wireless nexus 
between French West Africa and the outside world, 

Dakar was selected to be capital of the AOF becau^ it had the 
harbor with gi'^^atest possibilities in the part of tlio eolouy nearest 
to l^rance bv sea. and because the peninsular climate is drier and 
more tempered by sea breezes than tliat of any competitive point* 
As Capitol^ it was made tlie anteroom and outlet for the extcnsjYe 
hinterland of tli© open Sudan, a country easily traver^d throughout 
tlie dry season and favorable to low-cost railroad construction and 
maintenance* For passengers there is daily rail service to Saint- 
Ijouis and sentiweekly trains with sleepers to Bamako, near the 
interior end of th© line. Not many roads passible during tlie rains 
have been built ^ but dry-weather roads penetrate all the back country 
and niate connection with every one of the constituent colonies of 
tlie AOF* Dakar is the ganglion of 25jOOO kilometers of telegraph 
and tekphona w'ire, reaching to the far parts of its territory* 

The recent rise of a city in a district hitlierto sparsely settled and 
rural has hroiight in a diverse popidationj which is not yet amalga¬ 
mated* Africans mingle with Europeans on the greets and speak 
French wlien neccssiry but preserve llieir native language and dre^ 
end perhaps return homo sea son ally or to end their days. Syrians 
and North Africans bring their families but plan to return when they 
have made a competence, Tliey are not fully accepted in the Euro¬ 
pean society and hold thent^lves somewhat aloof from tlie indigenes. 

The Europeans are still less rooted. It is the French way to create 
the semblance of a European city {one which happens to have much 
the flavor of a provincial cnpit%il in France). Wlian tlio working 
day is over, the white population forgathei^ at the cafes, on Dte 
bn.qiness streets, and in the spacious and airy hotel dining rooms. 
Dining in public is oven more u^uril than in PariSi A cabaret in the 
most fashinriiihle Iiotel offers entertainment by actors and angers 
from Paris. A weekly new*^pat>er entries the local news* In reaUty, 
the resembl&nce to European life is superficial* A1! Europeans coma 
out for ^tours of duty’’ lasting from S to 4 years* After a long 
holiday in France, they may or may not return to Dakar. On retire^ 
ment they return “home^ to end their days* Few of the younger 
men are married. The wives of the others often spend the roiny 
season in France. Many families leave their cltildren in Europe, 
though the gamut of public education up to th© urtlvcrsity is avail¬ 
able in Dakar, alone among West African stations. Of the out- 
landers G5 percent are men, 25 percent woinon, and 10 percent 
children. 

The roots of a large part of the populace, of whatever colorp are 
thrust in soil outside the Cape Verde Peninsula. In the spiritual ss 
well as in the geographic sen-se, Dakor Is a port of call. 
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